Commentary 


EIOCHEMICAL ENGINEERING 


Ir is only in very recent years that the term ‘Bio- 
chmical Engineering’ has been used and it was 
adopted as a university subject only two years ago so 
it 1s interesting to define it and explain its current 
importance. In broad terms, it can be said to be 
‘The application of a knowledge of biology, bio- 
chemistry, biophysics and chemical engineering 
to those industries using biological materials or 
processes ’ and to keep the subject within reasonable 
bounds, we limit our interest generally to the time 
that enzymic activity ceases. 


Brief consideration of this definition will show that 
the whole of the food processing industry is included 
together with a major part of the beverage and 
pharmaceutical industries, especially antibiotics and 
vaccines. Biological processes are used far more 
widely than this, however, with applications as 
diverse as the manufacture of organic acids and 
industrial solvents, sizing: and desizing of textiles 
and effluent purification from many industries. An 
interesting recent development in the latter field is 
the use of micro-organisms to destroy phenols, 
cyanates and cyanides in the effluent from gas- 
works and coke ovens at concentrations lethal to 
most forms of life. After such treatment, the effluent 
can be run into waterways without damaging the 
existing balance of plant and animal life. 


There are a number of reasons contributing to 
the importance of biochemical engineering: 


(J) A much more scientific approach is being 
made towards the production, storage and trans- 
portation of food with a rapidly increasing propor- 
tion processed under factory conditions. In our 
lifetime we have seen many traditional cottage or 
farm crafts transferred to factory production on an 
ever increasing scale and there is every sign that this 
process will continue. 

(2) The world demand for food and beverages is 
increasing and a more varied diet is demanded with 
less seasonal variation. These factors have stressed 
the importance of reducing waste and have fostered 
development of preservation techniques. 


(3) Medical uses of glandular extracts, including 
insulin and various hormones have grown con- 
siderably and there is renewed interest in vaccines 
for the prevention and treatment of human and 


animal diseases. Recent developments include the 
growth of live virus on tissue cultures of animal 
cells under factory conditions. 

(4) Perhaps the most dramatic single factor 
fostering this interest in biochemical engineering was 
the isolation of penicillin and its subsequent 


production on a large scale. In spite of the very 
great need, it was not found possible to make use of 
previous experience of large volume fermentations 
in other industries and initial production had to be 
made in small glass vessels or even milk bottles 
until new large scale techniques had been developed. 
The difficulties experienced in coordinating the 
knowledge of laboratory microbiologists and bio- 
chemists with that of industrial or chemical engineers 
showed the need for training a group of men with 
such combined knowledge and experience. 


(5) A whole range of further antibiotics followed 
penicillin, effective against different groups of 
pathogenic organisms and these are finding increas- 
ing uses not only for the treatment of existing diseases 
in humans and animals but also as dietary supple- 
ments in feeding stuffs and for pest control of plant 
pathogens. When used in animal feed at the rate of 
about one ounce per ton, many of these new anti- 
biotics increase the growth rate and the conversion 
ratio of feed to flesh or eggs by as much as ten per 
cent and a wide application of this would go far to 
relieve protein deficiency throughout the world. 


(6) There is an increasing interest in reducing 
pollution of rivers by domestic and industrial 
effluents and in many cases it has been found possible 
to purify these by making use of micro-organisms 
and in some cases to obtain a useful by-product to 
help pay for the treatment. Thus either waste 
molasses or sulphite liquor from paper mills can be 
used to grow fodder yeast of high protein and vita- 
min content. 


(7) The application of biological processes to so 
many industries has focused attention on the need 
for some measure of unification in the literature and 
teaching of the subject so that experience in one field 
can be used in others and also that students can be 
given a broad and fundamental understanding of 
underlying principles. It is to meet this demand that 
the new subject of biochemical engineering has been 
introduced into the university curriculum. 


Research has planned a series of six contributions 
dealing with specific applications of biochemical 
engineering. Each is by an acknowledged expert in 
his own sphere and although dealing with widely 
different industries, they will all have the common 
theme of relating modern scientific knowledge to 
industrial scale production. The subjects covered 
include various aspects of the food and brewing 
industries, together with articles on antibiotics and 
vaccines. The first article, on Brewing appeared in 
last month’s issue of Research (p. 167). 
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A current problem dealt with in these articles is 
the development of continuous processing methods 
from existing batch techniques. This is fascinating 
in any branch of chemical engineering but particu- 
larly so when dealing with living organisms which 
can adapt themselves to a changing environment or 
perhaps be displaced by contaminants which find 
the new conditions to their liking. In spite of these 
difficulties, considerable advances have been made 
both in the traditional art of brewing and in the 
post-war antibiotic industry, and future installations 
may well be designed on a continuous system. 


Whilst this group of articles represents the first 
series on the subject of biochemical engineering, it is 
interesting to recall that various aspects have been 
dealt with throughout the history of this journal. 
The last two issues have in fact included accounts of 
the uses of high energy radiations, either from radio- 
active elements or from particle accelerators, on 
various biological materials; this new method of 
sterilization may well find extended uses in the future. 


It is a salutary thought that excellent wine, beer, 
cheese and butter were made before the sciences 
were defined or factories thought of and certainly 
before the existence of micro-organisms and en- 
zymes was known. To this extent, the biological 
industries suffer more than most from a traditional 
empiricism. The same is largely true of pharma- 
ceutical manufacture and as a result there has long 
been a tendency to offer training schemes based on 
the technologies of separate industries. These will 
clearly continue to have an important place in 
training future technicians but it is difficult under 
these circumstances to provide a sufficiently broad 
background of academic subjects or to inculcate 
the visionary sense of progress which contact with 
a wider field might offer. 


The experience of chemical engineering can be 
used in organizing this new subject since this started 
off in the same way to unify a vast series of tech- 
nologies and to establish a fundamental understand- 
ing of the chemical and physical factors involved 
in translating laboratory and pilot experiments into 
large scale operation. Many of the ‘unit operations’ 
to be considered will be very similar, although with 
a different emphasis, but new ones will have to be 
added and all of them viewed against a background 
of the biological sciences. 


Nearly all the biological industries are faced 
with problems associated with the control of micro- 
organisms or of enzymes produced by living matter, 
and frequently special techniques must be adopted 
to handle unstable compounds of biological origin. 
Raw materials for these industries range from 
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unicellular organisms to sides of beef and represent 
all stages of metabolic activity. 


The control of microbiological activity plays a 
major part in the study of biochemical engineering 
and includes the numerous methods of sterilization 
with applications to solids, liquids and air. The latter 
can be of great importance both to provide sterile 
working conditions and also to ensure that the large 
volume of air fed to aerobic fermentations does not 
carry contaminating micro-organisms. The methods 
studied include heat, chemical sterilizing agents, 
filtration and various electromagnetic and corpus- 
cular radiations and these can be applied at various 
intensities to provide different levels of sterility 
ranging from absolute for the preparation of 
solutions for injection through various stages to the 
normal standard of good housekeeping used in food 
factories. 


Although it is usually necessary to inactivate con- 
taminant organisms there are many occasions when 
a desired type must be fostered in every possible 
way and be made to multiply to the limit of the 
equipment. It is necessary therefore to study the 
nutritional and other environmental requirements of 
these organisms, bearing in mind that it is usually 
essential to use cheap commercial substrate com- 
ponents. Fortunately it has been found that waste 
products from a number of biological industries 
can be used in such cases to replace the much more 
costly synthetic media used on the laboratory scale 
and balanced blends of whey, molasses, distiller’s sol- 
ubles and corn steep liquor are widely used, often 
supplemented with known essential growth factors 
and adjusted to a suitable pH. 


Even in the absence of living organisms, enzymic 
activity can bring about significant changes, some- 
times of desirable but often of unwanted type and 
various methods of control are studied including 
the use of reduced temperatures and dehydration. 
Sometimes of course, concentrated enzymes are 
required, finding uses in numerous industries, and 
these can be extracted from natural sources, for 
example rennin from calves stomachs, or obtained 
as a result of deliberate growth of selected micro- 
organisms. 


A number of industrial examples of these various 
aspects will be discussed in the articles in this series 
and these notes have been written to illustrate 
the unifying threads that run through so many 
biological processes. One of the ways to fast 


technical advancement may well be the ability to 
apply the findings of one industry to others and the 
new subject of biochemical engineering sets out to 
provide the foundation for this approach. F.C.W 
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FREEZING, FREEZE-DRYING AND 
FREEZE-CONCENTRATION OF FOODSTUFFS 


R. GANE 


Low Temperature Research Station, Cambridge 


Three applications of refrigeration to the processing of foodstuffs are described namely 

freezing prior to storage as frozen foods, freeze-drying by which foodstuffs are dehydrated 

while in the frozen state, and freeze-concentration whereby liquids are concentrated by 

partial freezing followed by mechanical separation of the liquid phase, i.e., concentrate 

from the solid phase—ice. This is the second article in the series on Biochemical Engineering, 
which started last month with an article on Brewing. 


Tue calculation of the rate of cooling where freezing 
takes place with the accompanying release of latent 
heat and change in the thermal properties is difficult 
and leads to complicated expressions. However 
when certain conditions are assumed, namely, that 
the initial temperature is the freezing point of the 
material and that there is a steady state in the frozen 
layer, then a simple and compact formula, deduced 
by PLANK! can be used as follows 

r- » (Pd F Rd?) 
6 (h k ) 
where T is the time in minutes for freezing to be 
completed, 4 the latent heat per unit volume, 4 the 
difference between freezing point and temperature 
of cooling medium, d the thickness (diameter of 
cylinder or sphere, thickness of slab, smallest 
dimension of brick), k the conductivity of frozen 
material and fA the coefficient of heat transfer; 
P and R have the following values: for a sphere 
one sixth and one twenty-fourth respectively; for 
a cylinder one quarter and one sixteenth; for a slab 
one half and one eighth; and for a brick of dimen- 
sions d x B,d x B.d, P and R are read from a 
graph calculated by Epe?’. 


Goods Packaged in Cartons 


For packaged goods the freezing time decreases as 
the package is reduced in thickness and most 
domestic packages are in the shape of a brick about 
one and a half inches thick. This is a compromise 
between the number that can be placed on the 
available shelving of a freezer and the time required 
for freezing. frequency of handling in loading and 
unloading, as well as quantity of packaging material 
in relation to weight of product. Having decided 
on a size and shape of package, its time of freezing 
will depend on the temperature of the cooling 
medium and the coefficient of heat transfer. 


In an air blast freezer the temperature of the air 
is usually about —40°C although some operate at 
lower temperatures. This temperature represents a 
compromise between throughput as controlled by 


the freezing time and B.t.u. extraction available from 
the refrigerating plant. As the temperature of 
evaporation and therefore the temperature in the 
freezer, is lowered it is characteristic of a refrigera- 
tor system that the B.t.u. extraction will decrease as 
shown by the example given in the second column 
of Table 1 below. 











_ Tablet i 
Air B.t.u.s *| Amount nea zing Vol. of 
Temp. 10° perh —_‘frozen* time freezer 
°c Ibjh h fe 
~17-8° 570 399 | 40 2,120 
—23-3° 440 3,080 3-0 1,230 
—28-9 340 2,380 2:4 700 
34-4° 260 1,880 2-0 500 
1:7 300 


—40 190 1,330 


*An average of 7 Ib product frozen requiring 1000 B.t.u.s 


Considering — 17-8°C as the maximum temperature 
that can be used for freezing, since this is the usual 
storage temperature for quick frozen foods, multi- 
plied by pounds per hour of material which could 
be frozen by the machine performing as in Table / 
assuming that the thermal properties of the material, 
size of package efc. which control the freezing time 
require the package to be in the freezer for say four 
hours, then lowering the evaporating temperature 
to —28-9°C reduces the quantity of food frozen to 
0-6 x Ibs per hour and the time the package has to 
be in the freezer is reduced to 2:4 hours; similarly 
at — 40°C the quantity is further reduced to0:3 « Ibs 
per hour and the freezing time to |:7 hours. The 
product of freezing time and quantity frozen per 
hour determines the size of the freezing chamber, 
which tends to be unnecessarily large at temperatures 
of —17-8°C. Assuming a stowage factor of 300 
ft?/ton the performance of an ammonia machine, 
times of freezing, volume of freezing space can be 
evaluated as in Table /] 


The freezing time can be decreased if A, the 
coefficient of heat transfer, is increased. In a blast 


freezer this involves increasing the velocity of air 
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Figure 1. Effect of alterations to the thermal conductivity 
of the contents of a package on the rate of freezing of 
grapes by the addition of sugar syrup, both as a glaze to 
improve thermal contact between individual fruits and as 
a fluid filling the voids between fruits. Temperatures at 
centre of carton 10-6 * 10-6 x 6 cm. Air speed 250 
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Figure 2. Effect of wrapping on the rate of freezing of 


chickens, weight 4-4 lbs. Polyethylene wrapping was used; 
air speed—250 ft/min at — 20°C. Temperatures were taken 
at centre of carcase, 4 in. in from vent. (When a preten- 
sioned plastic film is * shrunk’ on by vacuum and the 
release of the * pretensioning’ by heating the rate of 
freezing is not significantly different from that of an 
unwrapped chicken. Airtight wrapping using ordinary film 
is not quite as effective.) 
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but since A is proportional to V°** and the air horse 
power is proportional to V* it becomes uneconomic 
to use velocities outside the range of 500—1000 ft/min. 


One other factor which may be under the control 
of the processor is the thermal conductivity of the 
frozen material (Figure 1). Some observed values 
are reported by SMITH, EpDE and GANne’. 


Wrapped Products 


Amongst the advantages of a system of blast freezing 
is its ability to accommodate irregular shaped 
products, e.g. poultry. It is customary to wrap them 
prior to freezing, and pretensioned plastic film is 
now available so that the wrapper is a close fit to 
the surface of the carcase. The effect on the rate 
of freezing of uneviscerated chickens of a close 
fitting wrapper, a loose fitting one and no wrapper 
are shown in Figure 2 (GANE*). The effect of air 
velocities over the range 0-1900 ft/min at —28-9°C, 
and temperatures from —12:2 to —78-8°C at an 
air speed of 450—550 ft/min for chickens 5—8lbs in 
weight are illustrated in Figures 3 and 4°. 


An alternative method of immersion freezing is 
possible with products wrapped in suitable plastic 
bags and the possibilities of the method are shown 
by the observations of LENTZ and VAN DER BERG® 
(Figure 5). Variations of the technique using solu- 
tions of sodium chloride instead of organic solutes 
are discussed by BROWNLOW’ and by J. D. 
MITCHELL et al.* 


Freezing by Means of Contact Plates 


To overcome the difficulties of low coefficient of 
heat transfer between air and goods packaged in 
cartons, various methods of improving the contact 
between a cold surface and the carton have been 
devised of which the best known is the contact plate 
type of freezer in which pairs of cold plates are 
forced into close contact with opposite faces of the 
carton. With a high coefficient of heat transfer the 
factor limiting the rate of freezing will be the thermal 
conductivity of the contents, when thickness of 
carton and temperature of cold surfaces are fixed. 
For this type of plant a useful rule of thumb guide 
is an hour per inch thickness of package. 


Freezing Curves 


Unless freezing is extremely rapid there is a period 
of thermal arrest which appears as a plateau on the 
curve, at, or slightly below the freezing point. By 
keeping this period as short as possible any denatur- 
ation of protein due to increasing solute concentr4- 
tion is minimized. The times for the freezing of 
peas by various methods are shown in Figure 6° 
where the package, a picnic can 211 302, is far 


from the optimum shape for rapid freezing. 
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Figure 3. Relation between freezing time and air velocity 

in 5-8 Ib chickens (Initial temperature 0-1:5°C; air 

temperature 28:9°C) (VAN DEN BerG and LENTZ’, 
courtesy Food Technology) 


Freezer Burn 


A withering of the superficial layers of unwrapped 
tissues and ice formation on the inner surfaces of 
the wrapper in packaged goods may occur, depend- 
ing on the condition in the cold store. Intermittent 
operation (cycling) of the refrigerating plant reduces 
the temperature at the surface of the carton to 
below that of the contents during one half of the 
cycle, and ice forms by condensation of the water 
vapour within the carton especially where there are 
air spaces. These larger crystals grow at the expense 
of the smaller ones in the tissues and the ice does 
not therefore return during the other half cycle. 
With unwrapped goods the effect is greater because 
of the lower temperatures of the air and humidity 
due to refrigeration needs to counteract heat leakage 
into the store: A jacketed store considerably reduces 
loss due to this cause?®. 


Storage Temperature 


The choice of temperature is partly determined by 
the desired length of storage of the commodity. The 
Institut International du Froid (Commission IV) 
have published *‘ Recommended conditions for cold 
s‘orage of perishable foodstuffs both chilled and 
frozen *"1, 
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Figure 4. Relation between freezing time and air tempera- 

ture in 5-8 lb chickens (Initial temperature 0-1-5°C° 

air velocity 450-550 ft/min.) (VAN DEN BERG and LENTZ’, 
courtesy Food Technology) 
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Figure 5. Relation between liquid temperature and freezing 
time for 4-6 lb chickens at various depths in breast. 
(Results are averages for four birds initially at O-1:5°C) 
(LENTZ and VAN DEN BERG‘, courtesy Food Technology) 
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Freeze-Drying 


When a product is frozen very little free water 
remains, most of that originally present being 
ineffective as a reactant, and the system therefore 
corresponds to a dehydration one but held at a low 
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Figure 6. Rates of freezing of peas by different methods. 

(From The Preservation of Fruit and Vegetables by 

Freezing. Food Investigation Leaflet No. 2, 1948, courtesy 

H.M.S.O.—crown copyright reserved) 

A Single layer on wire gauze tray in air current at —20°C 
and 2000 ft/min. 

B Single layer on solid metal tray in air current at —20°C 
and 2000 ft/min. 

C Covered with water in picnic cans immersed in circulat- 
ing brine at —21°C 

D Without covering fluid in picnic cans immersed in 
circulating brine at —21°C 

lies covering fluid in picnic cans in still air at 


F Covered with water in picnic cans in still air at —20°C 


temperature. A further development of this is to 
remove the ice while the tissue remains frozen by 
freeze-drying. So long as a ‘ sink’ is available with 
a lower water-vapour pressure than that of the ice 
in the tissue, ice will sublime from the tissue. 
Phosphorous pentoxide, anhydrous calcium sul- 
phate, cold surfaces cooled by solid carbon dioxide, 
liquid nitrogen or boiling refrigerant have been used 
as ‘sinks’. The latent heat of sublimation of ice 
can be supplied by conduction, convection and 
radiation from the surroundings of the desiccator, 
or by controlled electrical heaters or a bath of 
refrigerant maintained at a particular temperature 
or by continuous pumping. Some of the many 
plants in use have been described by FLosporF!?. 
Quite large installations have been operated for 
the production of dried human blood plasma and 
antibiotics. One interesting development which 


enabled blood serum to be dried in blood trans- 
fusion bottles was the spin-freezing technique of 
Greaves'*, by which a vortex was formed in the 
centre of the bottle. This reduced the thickness of 
the frozen layer and accelerated the rate of drying. 


GANE 


Small units are in fairly general use in biological 
laboratories for both the concentration and dehydra- 
tion of enzymes, cultures, thermo-labile substances 
etc., are described and discussed by HArrIs"*. 


Dried foodstuffs produced by freeze-drying were 
found to be very good in colour, flavour, texture 
and ease of reconstitution. As the process requires 
a relatively high vacuum, 0-1 mm or less, the equip- 
ment is expensive. The slowness of dehydration, up 
to 48 hours, was not economic for anything but 
very special foodstuffs, and various methods have 
been devised to speed up the process, particularly 
heat transfer into the drying material. 


Effective improvements in the heat transfer have 
been made by ensuring good thermal contact 
between the material and the heating plates, either 
by applying pressure to them in pairs and with 
provision for free escape of water vapour'*!*, or by 
extensions, such as spikes, pressed into the material’. 
By such methods the process can be completed in six 
to ten hours, depending on the material. 


The method lends itself to very rapid freezing of 
those materials that can evaporate freely, ¢.g. 
liquids and minced animal tissues. As soon as the 
pressure in the dehydration chamber falls to about 
4 mm the liquid state of water becomes unstable 
and freezes. Each gram of water evaporated is 
sufficient to freeze seven grams of water and freezing 
can thus proceed very rapidly. Losses from liquids 
may be high due to splashing and it is usual to pre- 
freeze them prior to drying. In some vegetable 
tissues, fresh leaves and fresh peas, water cannot 
evaporate fast enough to freeze them and they must 
be pre-frozen and broken up before freeze drying. 
Apple tissue freeze-dries quite readily but apple 
juice and most fruit juices require special conditions, 
namely a temperature of about — 25°C, the cryo- 
hydric temperature'*, otherwise some liquid remains 
unfrozen and the mass eventually dries as a foam. 


Freeze Concentration 

When a liquid such as a fruit juice is partially 
frozen, the solutes in the liquid phase are con- 
centrated due to the separation of water as ice. By 
suitable control of the conditions of freezing, pure 
ice-crystals bathed with concentrate can be obtained, 
and separation becomes possible by mechanical 
means such as a hydroextractor (basket-type centri- 
fuge) or expeller press. Although the concentrates 
obtained are of very high quality, this process is 
only commercially feasible with a very large plant 
which enables a large quantity of material to be in 
the pipeline, due to the slowness of ice formation. 
The best known plant, the Linde-Krause'*, con- 
sists of a large stainless steel drum, refrigerated 
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internally, rotating in a trough of the liquid to be 
concentrated. An ice layer is formed on the surface, 
removed by scraper knives, and conveyed to an 
expeller press where the concentrate escapes through 
slits in the casing and ice is discharged at the end. 


With fruit juices the limit of concentration is 
controlled by the lowest temperature that can be 
used above the cryohydric points, about — 25°C, 
where the mass becomes practically solid. The 
relationship between temperature and concentration 
for some fruit juices is shown in Figure 7*°. Since 
the process depends on the solute’s cryoscopic con- 
stant, less concentration occurs in the liquid phase 
with sucrose than glucose at the same temperature. 


One very neat development of freeze concentra- 
tion is its application to wine making and storage, 
by the cryoextracteur™'. Here the wine, partially 
frozen but still free to flow, is passed through a 
special pump where the concentrate is withdrawn 
through a perforated piston and the accumulation 
of ice is pushed out of the cylinder via the spring- 
loaded head. The alcohol content of the wine is 
harmlessly and satisfactorily increased by a few per 
cent. 
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Figure 7. Freezing points of juices. Concentrated juices 


were prepared by freezing at various temperatures. Their 
freezing ruvints and solute contents were determined. The 
freezing point was usually 1° to 2°C higher than the tem- 
perature used to prepare the concentrate due to some thawing 
during removal of the ice. The concentration expressed as 
g solute/100 g water increases linearly with temperature 


Other Developments 


Dehydrofreezing, a process combining dehydration 
and freezing has been developed by the Western 
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Utilization Research Branch, Agricultural Research 
Service, United States Department of Agriculture**. 
It has been applied to some fruits and vegetables: 
carrots, peas, pimentos, apples and apricots where 
approximately half the water in the tissue is removed 
by dehydration, with an accompanying reduction of 
volume and it is then frozen requiring only half the 
refrigeration that would have been necessary had it 
not been partially dehydrated. The emphasis has 
been placed on institutional packs of about twenty 
pounds of dehydrofrozen product per package, with 
considerable saving of space in refrigerated storage 
and transport. Similarly fruit juices are concentrated 
both in California and Florida and stored frozen. 


In every case where the produce is sold as a 
concentrate the economy in packages, stowage and 
freight have to be balanced against extra processing 
costs and against the evaluation of the quality and 
acceptability to the consumer. 


Freezing of produce at the source of supply has 
long been the aim of many processors and freezing 
at sea became commercially feasible when the design 
of equipment was worked out on sound principles*. 
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THE RHEOLOGY OF LETTERPRESS 


AND OFFSET INKS 


E. A. APPS 


Wynne and Selby Ltd, London 


In this article Mr Apps describes the flow requirements and transfer properties of 
letterpress and offset inks and describes the effect of water on the rheology of 
offset inks. 


THE rheology of a large number of non-Newtonian 
fluids—clay, glass, milk, pitch, starch, rubber, efc.1— 
has been investigated, but very little has been written 
about the rheology of printing inks; H. GREEN 
(1937-47) at the Lithographic Technical Foundation 
was probably the first to tackle the problem using a 
rotational viscometer fitted with a strong spring 
capable of measuring up to a few thousand poises 
(see Figure 1). The plastic viscosities and yield 
values of different types of ink are given in Table 1. 





Table | 
Plastic Yield, 
viscosity, p dynes/cm* 
Letterpress high-speed 
rotary inks (news inks) 5-12 ~200 
Letterpress magazine 
rotary inks 10-100 400-2000 
Letterpress inks for 
platen and cylinder 
machines 300-1000 10,000—30,000 
Offset inks 400-4000 _10,000—60,000 


All these inks are normally thixotropic to varying 
extent and attempts have been made to measure the 
amount of thixotropy”’ (Figure 2). 


The modern ink maker has found it necessary 
to measure the viscosity of each batch of ink medium 
using a U-tube or bubble-tube viscometer”’ and the 
viscosity, yield and empirical flow*** (Figure 3) 
of the final ink using a Ferranti-Shirley cone-plate 
viscometer or a rotational viscometer provided with 
a strong spring and a variable-speed Couette visco- 
meter suitable for investigating the flow of inks at 
different rates of shear. 


Flow Requirements of Letterpress Inks 


Supply of Ink from the Duct 


The ink in the fountain should flow steadily from 
the duct on to the slowly turning steel fountain 
roller; this rotates a fraction of a revolution for 
each print, and in doing so, withdraws a film of ink 


through the gap between it and a flexible steel doctor 
blade. Usually the film is about twenty microns 
thick; the thickness is controlled by the pawl 
and ratchet device attached to one end of the duct 
roller, and the adjustment of it is known as ‘ setting 
the teeth of the duct ’. The ink in the duct is under 
static conditions and only acted on by small stresses. 
A suitable letterpress ink has a low yield value and a 
slow thixotropic build up. There are three types of 
ink behaviour in the duct (Figure 4): 


Type (a) Inks having a low yield value and a low 
viscosity behave as quasi-Newtonian fluids and level 
out in the duct. 

Type (b) Inks having a high yield value and a high 
viscosity behave as plastic fluids, and the rate of 
shear applied is insufficient to overcome the rigidity 
of the ink; they have a circular profile in the duct. 

Type (c) Inks which have a high yield value and a 
low viscosity at high shear have insufficient cohesion 
to act as a system under the small shear in the duct, 
and they cannot behave as fluids because of their 
high yield value. Such inks refuse to flow smoothly 
from the duct, and the machine ceases to print. 
When this happens the ink is said to be ‘ hanging 
back’ in the duct—a situation which most fre- 
quently occurs when highly pigmented and low 
viscosity inks are used to print solid or dense formes. 
The remedy is to decrease the yield value of the ink 
or increase the viscosity, or both. Reducing the ink 
with 40p or even 100p stand oil should help; if the 
trouble is serious a different ink should be used. 


Distribution of Ink on the Press 


The ink emerging from the duct forms a film which is 
split between the ink rollers and the forme. The ink 
film would become corrugated unless some rollers 
with a reciprocating motion were provided. This 
reciprocating motion causes quite a high rate of 
shear; the shearing force is applied only inter- 
mittently when the ink is in the nip between two 
rollers and increases systematicaliy with increase in 
press speed. The ink musi transfer evenly from 
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Figure 1. Types of flow revealed by using a rotational 


viscometer. OA is the yield value intercept for plastic flow. 
(Courtesy Leonard Hill*) 


roller to roller in order to move smoothly through 
the distribution system and must spread out evenly 
to form a film of uniform thickness by the time it 
reaches the forme roller. This necessitates an ink 
having considerable fluidity to distribute adequately; 
if the ink consistency is too high, insufficient 
spreading occurs; if too low, uneven spreading 
results and streaking is likely. 


The thixotropic properties of the ink are relatively 
unimportant when the ink is passing between 
rollers, as any internal structure in the ink is broken 
down under the high rates of shear involved. Poor 
distribution by the rollers is often due to dilatant 
inks; in these inks stress increases the strain, and 
they are usually highly pigmented systems with good 
wetting and a viscous medium; at high rates of shear 
such an ink clogs up on the rollers and the finished 
print appears very deficient of pigmentation. High 
speed machines must work with non-dilatant inks. 


As the ink film passes through a nip, the pressure 
changes rapidly; first it increases sharply and then it 
decreases quickly until vacuum conditions exist at a 
point beyond the centre of the nip. These sudden 
pressure changes cause different changes in the 
velocity of the ink at divers regions across the film. 
When the pressure is increasing the velocity of the 
ink in the centre of the film is retarded; when the 
pressure is decreasing, the centre of the film is 
accelerated; while at maximum and minimum 
pressure the velocity is constant across the film. 
The ink does not accumulate, consequently the 
amount of ink passing per unit time is constant; 
thus the inference is that the ink will have the 
greatest velocity when the space between the rollers 
is a minimum. The shear is zero twice through the 
nip at points of constant velocity; that is just before 
ead just after the narrowest gap between the rollers. 
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Figure 2. Examination of plastic flow using a rotational 

viscometer. (The enclosed area is often enlarged due to the 

development of heat during the experiment). (Courtesy 
Leonard Hill*) 
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Figure 4. Characteristic profiles of letterpress inks in the 

duct: (a) Fluid ink, quasi-Newtonian; (b) Short buttery 

ink of plastic flow; (c) Ink hanging back in the duct. 
(Courtesy Leonard Hill*) 

When the ink leaves the nip, the minute air 
pockets already present in the ink expand rapidly as 
the pressure is reduced to a vacuum; the ink is 
drawn out into a large number of filaments, each 
filament being surrounded by rarefied air. The air 
bubbles expand until they touch one another, the ink 
filaments becoming thinner and longer until they 
break. The filaments are drawn out very quickly on 
high speed presses and retract almost instantly when 
broken, but are drawn out more slowly on low speed 
presses and retract slowly when broken. Theease with 
which they are ruptured depends on the tack of the 
ink. Multiple fracture of the filaments causes ink fly. 
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The mechanism of film splitting on rotating 
rollers can be studied by high speed cinematography. 
A Fastex 16 mm camera operating at approxi- 
mately 6,500 frames per second was used by SMITH, 
ENGLE, Howarp and Jones‘; the time magnifi- 
cation was 400 times that of silent projection speeds. 


0:52 
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Figure 5. Effect of ink shortness on ink transfer fraction. 
(ZETTLEMOYER et al’. Courtesy T.A.G.A.) 


Finer and more filaments are obtained by (a) 
increasing the machine speed, (6) increasing the ink 
viscosity, (c) reducing the film thickness. Cine-film 
photographs reveal that a vibrator roller causes 
randomization of filament formation and more 
uniform distribution along the roller surface. 


Impression 

When ink is applied to the forme by the forme 
roller, it should not flow to the sides, consequently 
some thixotropic build-up assists at this stage. 


For impression, the inked forme is brought into 
contact with the stock under heavy pressure: the 
pressure increases as the size of the individual area 
being printed diminishes. The pressure tends to 
make the ink penetrate into the stock and also 
laterally deforms the ink film being printed. The 
ink requires an optimum yield value at this stage; a 
higher yield value minimizes lateral deformation 
forces, but reduces the penetration of the ink into the 
stock, which means that more ink is left on the 
surface to suffer the deformation forces and con- 
sequently distortion is increased. When the ink film 
is broken during impression, the break should be as 
near as possible to the metal plate. The rate of shear 
at the instant of breaking is very high and the pull on 
the paper is proportional to the speed of the press. 
Picking will result if the mechanical strength of the 
paper is insufficient to overcome the pull due to the 
plastic viscosity of the ink. Thixotropic gelation is 
much accelerated when an ink is deposited on 
absorbent stock and, consequently, inks can be 
printed with limited set-off. Successful half-tone 


E. A. 


APPS 


printing largely depends on the thixotropic gelation 
overcoming the tendency of the ink to flow and 
distort the shape of the dots. 


Special Flow Requirements of News Inks 

News inks have a viscosity of 6—-12p and a low yield 
value of about 200 dynes/cm*. The general points 
already mentioned still apply, but there are a number 
of special reservations. News inks should not be very 
thixotropic, particularly as they have to lie in pipe 
lines, as a force greater than the yield value would 
have to be used to make the ink act asa fluid. The 
inks should be partially flocculated, as deflocculated 
carbon dispersions strike through the paper; very 
flocculated news inks must be avoided as they print 
unevenly and distribute badly on the machine. 


Letterpress Ink Transfer and 
Rheological Properties 


WALKER and FetTsko® claim that the following 
equation is adequate for computing the transfer of 
thick films of ink on letterpress machines: 

y=b+ f(x-b) 
where y is the ink transferred per unit area of print; 
b immobilization capacity of the paper for ink; 
f constant fraction of free ink transferred to stock; 
and x ink film thickness on the forme before impres- 
sion. The constants 5 and f can only be determined 
by experimental studies of ink transference. For thin 
ink films, three conditions are involved: (a) incom- 
plete contact between ink film and paper; (5) 
insufficient ink to satisfy the acceptance capacity of 
the paper; and (c) no excess ink. 


WALKER and FEeETSKO® deduced an equation 
containing exponential terms which has been tested 
experimentally and holds reasonably well if the 
conditions mentioned above operate. The fraction of 
ink transferred is 
y/x = UI — e-**) [6 — e-*!5) + f(x—b) UI — e-*!)) 
where the new constant & is related to the printing 


surface of the paper. The three constants k, b and f 


can only be determined by experimental studies. 


It was found that this equation held very well for 
letterpress inks of limited tack printed on paper”, 
but further experiments*’ showed that for non- 
absorbent plastic film the ink transference is essen- 
tially 50 per cent for a wide range of film thicknesses, 
ink viscosities and press speeds; the transference 
percentages above 50 per cent are due to absorption 
by the paper and the transference percentages con- 
siderably below 50 per cent which were obtained for 
thick films were largely due to ink squashing out over 
the edges of the solid forme. 

J. M. FeTskoO* reports that with a given ink 5 values 
increase and f values decrease as the porosity and 
roughness of the stock are increased. 
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/“ETTLEMOYER, SCARR and SCHAEFFER’ investigated 
the effect of ink properties on ink transfer behaviour 
ani found that rheological properties of the ink 
exerted considerable influence on the position of 
ini. split. The ink shortness defined as the ratio 
beiween intercept on the stress axis, Sp, and slope 
U, of a stress rate-of-shear flow curve, was cor- 
related with ink transfer fraction, f. Increasing 
shortness led to decreasing values of f, (Figure 5); 
this means that shorter inks split closer to the stock. 
The degree of dependency of / on shortness appear- 
ed to increase with increasing ink vehicle viscosity, 
(Figure 6). 


TAYLOR and ZETTLEMOYER’ studied the mechanism 
of ink splitting experimentally; the principal points 
which emerged from their investigations were: 

(a) When a cylinder rolls over-a plane surface 
coated with a fluid film, pressure gradients are 
established within the film (Figure 7). 

(b) The pressure gradients cause local regions of 
high shear rate adjacent to regions of low shear rate 
within the film. 

(c) If the fluid is thixotropic, that is, if its apparent 
viscosity decreases with extent and time of shear, the 
unequal shear rate pattern leads to zones of high 
and low viscosity within the film. 

(d) Two factors act in the press nip to shift the 
region of minimum viscosity toward the stock to be 
printed: the ink film entering the press nip is 
subjected to high shear rates at its surface due to 
inertia and the fact that the top surface is free and 
unconfined; heat generated by fluid friction within 
the nip leads to a higher temperature near the poorly 
conducting stock surface than near the surface of the 
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Figure 0. Variation of f : shortness ratio with ink vehicle 
viscosity. (ZETTLEMOYER et al’. Courtesy T.A.G.A.) 
metal plate. Heat generation is proportional to the 
product of viscosity and the square of the shear rate: 
Heat generation oc 7 x (du/dy)*. Where uw is the 


local viscosity in direction of flow, cm/sec, and y the 
coordinate perpendicular to surface of plate cylinders. 
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(e) When the plate and cylinder begin to separate, 
tension is created within the film and cavities form 
when the cohesive strength of the fluid is exceeded. 
The point of greatest tension is nearly half way 
between the surfaces and cavity initiation is greatest 
approximately in the centre of the film. 

(f) Cavity growth and ultimate film split proceeds 
more rapidly in the direction of reduced viscosity, 
towards the stock. 


Velocity profiles 











Nip 
centre 
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Figure 7. Diagram of pressure distribution and velocity 
profiles in splitting of constant viscosity liquid. (TAYLOR 
and ZETTLEMOYER®. Courtesy T.A.P.P.1.) 


Flow Requirements of Offset Inks 


Most of the considerations about flow of the stiffer 
letterpress inks apply to offset inks; the offset ink 
leaves the duct and is distributed by a pyramid of 
rollers, steel and resilient rollers being used alter- 
nately. There are two additional complications; the 
ink film is split twice, between plate and blanket and 
between blanket and stock, and the ink is used in the 
presence of water oretchsolutionand tendstoemulsify. 


Concentrated inks are used as only films about 
2 uw thick can be printed, and the amount of ink 
transferable is very limited, but the resilient blanket 
makes better contact with paper than hard upraised 
type, and consequently better coverage and better 
ink transference results for thin ink films. 


The Effect of Water on Offset Inks 


The ink picks up water from the forme which is 
wetted by dampening rollers as well as ink, and the 
water works its way back to the duct eventually; the 
problem merits careful study as practically all litho- 
graphic printing troubles are due to water in the ink’. 


A number of tests®!® have been developed to 
determine the maximum amount of water an offset 
ink takes up when milled or agitated with water, and 
the flow before and after water assimilation has been 
compared. Bow Les and REICH’® plotted the E.PF. 
curves for inks which entrained over 50 per cent 
water and still possessed adequate flow, (Figure 8); 
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Figure 8. Ink exhibiting satisfactory flow after excessive 
water absorption. (BOWLES and REICH'®; Courtesy 
British Ink Maker) 


the writer suggests that these inks would print too 
weak to be acceptable (the print quality of such 
inks on a machine does not appear to have been 
checked) and that the test method does not resemble 
press conditions in that interfacial equilibrium can 
never be attained on a press where ink is continually 
expended and constantly supplied by the duct. The 
writer investigated the problem during press opera- 
tion''; three different inks were tested on a Mann 
master and two press trial were duplicated. The 
mode of approach was briefly as follows: 


(a) Ink was scraped from the forme rollers until 
there was enough to determine the water content by 
the Dean-Stark method; the results were compared 
with Dean-Stark determinations on ink in the duct. 

(6) The water content of the ink at the plate was 
determined by weighing prints taken on non- 
absorbent plastic film before and after drying. This 
method was limited to heavy half-tones and suitable 
images. Method (c) proved better. 

(c) Ink was removed from the forme rollers using 
a rubber hand roller (2} in. long 14 in. diam.) 
which was weighed before and after drying in a 
desiccator. Further samples of ink were also taken 
in order to determine the viscosity, yield value and 
E.F. using a Ferranti-Shirley cone-plate viscometer 
and a rotational viscometer with a strong spring. 


Water in the ink (in the first place) causes rise in 
viscosity and also yield value of the ink, but fail in 
ink tack: this infers that the water may be present in 
the ink as discrete globules and behave like particu- 
late loading; above a certain limit the system 
breaks down, but whether a water-in-oil emulsion 
changes to an oil-in-water emulsion has not been 
confirmed by the author. 
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Figure 9. Change in flow of satisfactory commercial 
offset ink after 7 hours press operation 
Work on % Water entrained by ink 
plate = —————- ———— —_— 
(fine detail) 10 min. 30 min. 2h 4h 
a 35% 8 10-5 11-9 12-7 
b 10% 11-4 14-3 16 17-4 


The writer followed the water take-up of offset 
inks during trial commercial runs over nine hour 
periods and found that the water content was 
invariably 7-19 per cent (Figure 9a) and that printable 
inks after seven hours press operation with limited 
work on the plate probably contain 16-20 per cent 
water and about 14 per cent water after thirty 
minutes printing, (Figure 9b), consequently the 
water take-up is rapid and hardly increases above a 
certain limit; if the ink is supplied about 15 per cent 
tinctorially stronger, the printer can match the 
colour strength of the prints with minor adjustments 
to the duct (i.e. the film thickness). 
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‘\he experimental results indicate that the rate of 
waier assimilation depends on: (a) The amount of 
wo'k on the plate. The water content increases with 
fal! in ink consumption on the press and conversely 
is owest for solid forme and heavy half-tones; 
(b) The thickness of the film of water on the plate. 
Eniulsification is retarded by keeping the dampening 
to 1 minimum; (c) The viscosity of the ink and the 
viscosity of the vehicle used to make the ink. 
Similar kinds of ink were compared, e.g. similar 
pigments, similar percentage pigmentation and 
similar types of vehicle (for example stand oils, 
alkyds, oleoresinous) adjusted to different viscosities. 


The rate of water assimilation is proportional to 

the fluidity of the ink (the reciprocal of the viscosity 
of the ink in poises) and to the square root of the 
fluidity of the vehicle (in poises). 
Rate = k/[(viscosity of ink)(viscosity of medium)*] 
Stiffer inks and inks made from more viscous 
vehicles emulsify on the press at a slower rate, e.g. a 
1000p ink based on a 20p varnish normally takes 
up water four times more quickly than a 2000p ink 
based on an 80p varnish, or a 4000p ink based on 
the same 20p varnish, providing the pigments and 
media are similar. 


The general position is much more complicated 
than this as some pigments are more hydrophilic than 
others and some vehicles have much better water 
resistance; further, small amounts of surface-active 
or polar reagents in the ink can promote emulsifi- 
cation, while water of low surface tension (e.g. 62 
instead of 72 dynes/cm) is more readily entrained, 
probably because the contact angle between the 
water and the ink film is altered appreciably. 


Usually the viscosity of the ink is approximately 
fixed by the press conditions but some advantage 
may be secured by basing the ink on as viscous a 
varnish as possible providing the resultant ink is not 
too tacky and gives films which split well at 
impression. 


An offset ink is most severely tested when there is 
0-2 per cent work on the plate. Several ink chemists 
believe that the ink then absorbs the maximum 
amount of water, achieves a stagnant equilibrium 
and prints as a weakened tint. 


The writex!* examined the press performance of 
a synthetic offset ink (which prints satisfactory for 
sceve of commercial jobs) when there was only 
per cent work on the plate consisting of very fine 
ney lettering. The ink entrained 16°8 per cent 
ater after 10 minutes, 19-0 per cent after 25 minutes, 
‘4 per cent after 35 minutes. At this stage the ink 
“inted cleanly and the tinctorial strength was con- 
stent with 21 per cent dilution. Five minutes later, 
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the prints changed instantly, over two sheets in 
0:04 sec, to a weak tint corresponding to about 30 
per cent original colour strength and 70 per cent 
dilution. Ink was scraped from the forme rollers 
and the water content of the ink was 20-2 per cent. 
It seemed as if the inked image at the plate had been 
covered suddenly with a continuous film of water 
and this gravely impaired the transference properties 
of the ink when the ink film was split at the blanket 
and at the paper. Later, this trouble cleared and 
satisfactory print quality was restored for 26 
minutes; the ink on the forme rollers then contained 
22:2 per cent water. When the ink again printed as 
a feeble tint, the water content of the ink on the 
forme rollers was 22-0 per cent. 


Each one of the three inks used in the press trials 
assimilated 37-40 per cent water by milling the ink 
with water on a three-roll mill and 29-31 per cent 
water by using the enclosed mill system described 
by BowLes and ReicuH?!®. All these inks of maximum 
water content flowed and distributed on the press 
but gave very defective prints of low colour strength 
and poor definition. The inks on the forme rollers 
contained 20-5-22 per cent water in each case 
indicating considerable loss of water due to evapora- 
tion from the ink when broken down into thin 
films on the distribution rollers and the poor trans- 
ference properties of the inks were believed to be 
due to partial or complete covering of the inked 
image on the plate with water. 


The writer believes that the ink never attains 
equilibrium with the water mainly because of hys- 
teresis factors but that when the ink has emulsified 
an appreciable amount of water it becomes less 
hydrophobic and able to accept a partial or com- 
plete water covering; * emulsification tint images’ 
do not appear to be simply due to inks which have 
emulsified excessive water. 
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MULTIPLE AIRBORNE INSTRUMENT 


DISPLAY 


S. A. TIBBS 


Kelvin Hughes, Barkingside, Essex 


The reasons why multiple instrument displays are required in modern aircraft 
are outlined and the mechanisms designed to meet this need described. This is 
the fifth article in the series on Microinstruments. 


THE manner in which information is displayed 
concerns everyone, and affects our daily lives to a 
greater extent than is, perhaps, generally realized. 
The more complicated the situation, the more 
important the manner of presentation becomes. To 
an instrument designer, this subject is often the 
starting point of his work. Such is the case with 
many aircraft instruments, and although the methods 
of instrument design described in this article are 
applicable to many types of display instrument, they 
have been developed specifically for aircraft uses in 
which the environmental conditions are severe. 


Modern aircraft instruments afford many ex- 
amples of microinstrumentation because of the 
extensive information which has to be displayed 
and the very restricted space available. Although 
this article is one of a series on microinstruments 
the instruments described here should, perhaps, be 
classified as an assembly of microinstruments or as 
a rather striking example of the necessity for 
miniature devices. In fact, the design of multiple 
display units has only become possible since such 
devices as miniature motors, synchros, potenti- 
ometers, and moving coil movements became avail- 
able, these components forming the servo systems 
which repeat information from basic references. 


Aircraft Conditions 


With the advance of aircraft design, piloting aircraft 
is not becoming easier despite modern aids such as 
autopilots, radar and radio devices. The operational 
requirements of aircraft are increasing to an extent 
that these aids are vital. 


Probably the increase in speed of aircraft is the 
advance which has caused the greatest number of 
control problems for the pilot. The overall situation 
varies according to whether the application is civil 
or military, but there are a number of common 
problems for the pilot. 


Flying is fatiguing for all occupants of an air- 
craft, even experienced pilots, the causes being both 
physiological and psychological. Mental tension is 


still caused by the thrill and fear of flying and 
aircrew and passengers are still subject to vibration, 
noise and altitude. Despite these conditions, the 
pilot must perform the multiplicity of duties and 
take the responsibility of the aircraft plus its con- 
tents. Modern instruments are designed to facilitate 
his job, and to present the total situation so that he 
can act accordingly. 


All the information is related to a greater or 
lesser extent. If each quantity is displayed separ- 
ately the pilot must scan each instrument and 
collate the readings mentally. If he must in conse- 
quence act in some way which changes the quantities, 
then the same process has to be carried out to check 
results of the action. This becomes a continuous 
and difficult process. Related information could be 
simplified by displaying each quantity relative to 
another quantity, but without careful planning this 
might involve duplication of some information. 
One object in developing display instruments is 
therefore to reduce both the need for scanning and 
the number of instruments, whilst ensuring that 
each instrument is as small as possible. These 
problems can be resolved by suitable combinations 
of instruments. 


Concentric Drives 


Where a number of angular quantities are to be 
displayed, concentric drives may be used, the more 
common method being to use the centre of rotation 
for the driving mechanism; this wastes the space in 
the centre of the display as no information is gained 
from that area. In order to have information 
displayed in the centre of a number of rotatio 
mechanisms, the following method has been devise 


Referring to Figure 1, a compass card is formed 
an annulus of light alloy. Teeth are cut into the 
outer edge of this and the tops of these bear on 
phosphor-bronze insert in the instrument fri 
panel. A second annulus is shown behind the co 
pass card on which is mounted a desired heading 
pointer which protrudes forward of the gear surface 
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Figure 1, Expanded drawing of the display mechanism of a navigation indicator 


such that it is in the same plane as the compass card 
when the two are assembled in the instrument panel. 
A suitable cutout in the panel allows pinions to 
engage on each of these cards. A self-lubricating 
wasner between the cards allows for free rotation. 
The shafts from the pinions extend into the instru- 
ment for suitable drives, well away from the display 
section. In the case of the compass card and the 
heading poimter, the shafts would be coupled 
through a mechanical differential so that the pointer 
would normally rotate with the card unless a 
different desired heading is set. 


A special miniature differential was designed for 
this class of instrument as, concurrent with size 
requirements, accuracy and low backlash are 
important factors. Figure 2 shows a section drawing 
of a complete differential and the principle of 
operation in these instruments. It will be observed 
that all gears are spur type which allows for simple 
spring loading to be used to eliminate backlash. 


By turning the heading pointer drive shaft, the 
pointer can be set relative to the compass card even 
when the compass card is rotating. Once set, it will 
rotate with the compass card as long as the pointer 
drive is held either by a friction pad if the drive is 
manual, or by the servo motor if the drive is re- 
motely controlled. 


A large number of concentric movements could 
be built up in the manner described above, but so 
far, with aircraft instruments, three have been found 
to be a practical limit, the third one in addition to 
the two already described being a pointer to indicate 
the drift angle of the aircraft. 


‘Roller Blind’ Mechanism 


The above assembly allows for the centre of rotating 
cards and pointers to be available for presentation 
of additional information which would be related 
to the rotating mechanisms. In instruments so far 


designed for aircraft use, this space had been used 
to give displacement information and compass 
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bearing of a radio source. To do this, a mechanism 
embodying a moving chart has been devised which 
is also shown in Figure 1. The chart consists of a 
thin strip of Terylene which is fixed at each end to 
parallel rollers, with smaller guide rollers between 
to hold the strip flat over a given area. The rollers 
are mounted on a carriage which has bearings so 
that it can rotate about the same axis as the compass 
card. The flat section of strip stretched between 
the guide rollers is seen between the centre aperture 
of the compass card. 


Because of the similarity of this device to more 
domestic arrangements, this mechanism has been 
called a ‘roller blind’, the strip being referred to 
as the blind. It will be seen that as the blind passes 
from one roller to the other, the effective diameters 
of the rollers will change. As the material wraps 
round one roller, the roller gathers more length per 
revolution while the other roller releases less per rev- 
olution. This will cause the system to seize up 
unless some elasticity is introduced. This is obtained 
by making one of the rollers in the form of two 
concentric rollers, the centre being driven and the 
outer being coupled to the centre by a spring. 
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As the blind is required to move in both directions, 
both rollers are driven. These must be driven by 
shafts concentric with the shaft which drives the 
complete carriage. Because of the change of direc- 
tion of drive, bevel gears are used to couple the 
rollers to their drive shaft and it will be seen that as 


Roller blind 
drive 





Carriage drive 


ompass drive 


Figure 3. The * roller blind’ drive mechanism 


the carriage rotates the blind will be displaced by 
a differential action. This has to be cancelled 
by another differential as shown in the schematic 
diagram in Figure 3, using the same differential 
unit as with the compass card and pointer. 


Rotation of the roller blind carriage is servo con- 
trolled to indicate the bearing of a radiosignal against 
the compass card. Displacement of the blind is 
servo controlled to indicate displacement using the 
centre of the instrument glass as datum. The blind 
is printed with suitable markings to indicate the 
magnitude of the displacement and its angular 
position relative to the compass card. For instance, 
a series of concentric circles and arcs can be printed 
to indicate the range of the aircraft from a radio 
station. Such a blind is shown in Figure 4. As the 
aircraft moves so its range from the radio beacon is 
given by the circle which passes through the centre 
of the instrument glass. The line along the length of 
the blind indicates the compass bearing of the radio 
beacon from the aircraft. This is controlled by the 
rotation of the carriage which is coupled to the 
compass card by another differential as shown in the 
schematic diagram in Figure 3. 
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In calibrating the blind, it is necessary to take 
into account the thickness of the material and the 
diameter of the rollers. Another error is that due 
to the spring tension. When the blind is equally 
distributed round each roller, then the tension is a 
minimum. As it rolls either way so the tension 
increases and because of the tension of the spring 
motion is lost between the roller with the tension 
device incorporated and its drive shaft. However, 
this error which is zero at the centre of the blind 
and maximum at each end, can be avoided by 
calibrating from the end fixed to the solid roller. 


Alternative Displays 


As stated before, the roller blind mechanism was 
designed to use the centre of the compass display 
effectively. A further important advantage is that 
a number of displays can be printed on the blind 
and be selected at will, eliminating a number of 
separate instruments. To control the position of the 
blind, it has been found that the most practical 
method is to gear a multi-turn potentiometer to the 
blind so that the total length of the blind is covered 
by the angular excursion of the potentiometer slider. 
By suitable taps on the potentiometer or a resistive 
network in parallel with the potentiometer, any 
section of the blind can be servo-controlled and 
displayed within the compass aperture. 


For instance, one instrument can display range 
and bearing of a Tacan radio beacon as shown in 
Figure 4, and also azimuth displacement of an 
instrument landing system. Both these displays 
would normally be accommodated in separate 
instruments in addition to the compass indicator; 














Figure 4. A section of the ‘blind’ printed with a range 

and bearing (diagrammatic) 
they are not required at the same time, and normally, 
the information from the separate instruments would 
not be related to compass heading so that by 
combining the three instruments space is saved, 
additional information is given and visual scanning 
is considerably reduced. 
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(iv) (v) 


(viii) 





Figure 5. The navigation indicator. (a) With the instrument landing mode selected for the 
central display: (i) glide path bar; (ii) localizer bar; (iii) localizer index. (b) With Tacan 
range and bearing mode selected for the central display; (iv) desired heading pointer; 
(v) compass index; (vi) compass card; (vii) Tacan range and bearing; (viii) node switch 





In practice it has been found possible to have four 
alternative display sections of the blind, each 
section being selected by a series of microswitches. 


The Display Unit as a Computer 
of Additional Information 


The multiple display accepts information from a 
number of sources and presents each quantity 
relative to the others. Hence, it computes additional 
information which can be made available for other 
instruments or control systems by control trans- 
mitters coupled to the display movements. For 
instance, the aircraft heading is read from the 
compass card against an index on the instrument, 
and the desired heading pointer is set and read 
against the compass card. The angle between the 
heading pointer and the compass index is the 
difference between the desired heading and the 
actual heading of the aircraft. A potentiometer or 
synchro fixed to the frame of the instrument with 
the rotor coupled to the heading pointer will trans- 
mit this angle to an autopilot which when engaged 
will turn the aircraft on to the desired heading and 
hold it there. 

Other information can be transmitted from the 
Cisplay unit, as follows: aircraft heading; desired 
a.reraft heading; drift angle; the angle between the 
roller blind carriage and aircraft heading; the angle 
t etween the roller blind carriage and desired head- 

g and the angle between the roller blind carriage 

id drift angle. In addition, the mechanical move- 
1.ents can be used to operate micro switches to 


give signals indicating small deviations from fixed 
points. All this information is of value for auto- 
matic control systems, and would have to be 
separately computed if the mechanical movement 
were not available in the display instrument. Often 
there is more than one transmitter for each quantity. 


The aircraft heading is also computed in the 
instrument by the use of a resolver coupled direct 
to the compass card. This resolver computes the 
electrical signals from a remote fluxgate compass 
and transmits the resolved signal to a remote 
azimuth gyro, the outer gimbal of which drives the 
compass card and resolver via a synchro servo 
system; thus, the display instrument is the most 
accurate source of compass heading in the aircraft 


Landing by Instruments 


The Instrument Landing System referred to above 
is based on a radio beam originating at the end of 
the runway, the centre of the beam being along the 
length of the runway and tilted up at the correct 
approach angle. 


The radio equipment on the aircraft gives two 
output signals giving the displacement of the air 
craft from the centre of the beam, one in azimuth 
and the other in height. 


The azimuth displacement is given by the display 
instrument by a pair of white lines on a black 
background on the blind. The lines are across the 
length of the blind and displacement is indicated 
against the centre circle of the instrument glass and 








an index on the roller-blind carriage seen through a 
transparent section of the blind. The lines are 
called the localizer bar. The localizer index on the 
carriage is set against the compass card by the pilot 
to the runway heading. Once set, the localizer bar 
indicates the displacement and direction of the run- 
way relative to the aircraft heading. 


This is illustrated in Figure 5b. The horizontal 
bar is an additional movement called the glide path 
bar, to give the displacement of the aircraft from 
the beam in height. When the landing mode is 
switched out this bar is driven out of the central 
aperture. The drive is by rack and pinion as shown 
in Figure 1. 


When the aircraft is on the runway heading and 
in line with the runway and at the correct height 
for the approach, then the localizer bar will be 
vertical intersecting the glide path bar at the centre 
of the instrument glass. 


If there is a cross-wind component then the air- 
craft will drift from the direction of the runway, 
and to compensate it must be turned into the wind 
at an angle called the drift angle. In these condi- 
tions, the heading pointer is offset from the localizer 
index by the amount of the drift angle. When the 
aircraft is flown to this heading the correct ap- 
proach angle will be maintained. If a drift index is 
fitted to the instrument and driven from a doppler 
radar installation, then the aircraft must be flown 
to maintain the localizer index in coincidence with 
the drift index. The localizer bar will not be 
vertical in these circumstances, but will pass through 
the centre circle while the aircraft maintains the 
correct heading. If the pilot could see the runway, 
then he would see it at the angle indicated by the 
instrument. 


Thus the multiple instrument in one display gives 
the pilot all the position and direction information 
he requires for landing. To indicate that the radio 
signals are of sufficient magnitude to operate the 
instrument, miniature moving coil movements are 
fitted in the top right-hand corner of the instrument 
and they deflect flags when the radio signal is 
above a certain magnitude. 


Design for Production 


With such an intricate assembly of components and 
mechanical devices the methods of production 
assembly and testing must be considered at a very 
early stage of the design. 


The principle adopted was to design the instru- 
ment as a three-dimensional jigsaw puzzle consisting 
of a small number of major assemblies. Each section 
consists of one of the principle servo systems and 
is built, wired and tested independently of the other 
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assemblies. Also, each major assembly consists of 
smaller assemblies and components which, again, 
are inspected separately. 


Due to the vibration conditions existing in air- 
craft, each section was designed as a rigid construc- 
tion and the assembly of all the major sections 
constituted a basically rigid structure. 


Because of the design considerations necessary 
for the display, the instrument naturally divides up 
into layers—display section, gears, servo compo- 
nents and output transducers. However, layer 
assembly is not suitable for large sale production, 
nor is it a suitable structure for vibration conditions. 
A compromise has been reached where the final 
instrument assembly is in layers, but the major 
sub-assemblies consist of any parts of the layers as 
necessary to make them a suitable structure. A typi- 
cal instrument is shown in Figure 6. 





Figure 6. A navigation indicator with its cover 
removed to show the final assembly. The dimensions 
are 6 in. square by 10 in. long. 


Instruments as described, would be 5 in. to 6 in. 
squares and up to 10 in. long, weighing about ten 
pounds, and a separate amplifier and power pack 
about 8 in. by 4 in., weighing about eight pounds. 
Such instruments would display six separate but 
related movements, and take the place of four 
separate instruments, giving electrical outputs of 
two of the movements for other equipment and 
difference angles of three of the movements for 
other control equipment. 

The resultant display is clearer than separate 
displays reducing the scanning by the observer and 
only presenting some of the information when 
required. Photographs of such an _ instrument 
display are shown in Figure 5. 

Thanks are due to Messrs Kelvin & Hughes for 
permission to publish the article and to reproduce the 
illustrations. 
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In honeybee colonies, consisting of many thousands of individuals, a simple but highly 

effective division of labour has evolved. No system of communication between individual 

bees seems to be involved, each doing whatever job it finds. However, the foragers of a 

colony do give detailed information about sources of food they have found to other 

members of the colony by means of dances. Information controlling various other aspects 

of bee behaviour is also transmitted between the members of a colony by the sharing of 
substances in regurgitated food. 


IN SUMMER a colony of honeybees usually consists 
of a single fertilized queen, 40,000—50,000 workers 
(sexually undeveloped females) and a few hundred 
drone or male bees, together with combs containing 
grubs in all stages of development and stores of 
food. If every female bee in such a large community 
acted independently the result would probably be 
chaotic; indeed, if colonies are to consist of more 
than a few individuals, the evolution of a division 
of labour becomes essential. The first and most 
obvious division of labour is, of course, that between 
the queen, who lays all the eggs, and workers who 
do such necessary duties as comb building, feeding 
the grubs and foraging for food. 


Specialization 


Between the workers, the types of work are remark- 
ably well divided; the most obvious division is 
between the younger bees who do the household 
duties and the older bees who forage for food. But, 
among both household bees and foragers there are 
further subdivisions. For example, some foragers 
collect water, others nectar or pollen, and a few 
middle-aged bees guard the nest against intruders. 
The first detailed observations on the way in which 
this division of labour operates were those of 
R6scH! who gave newly emerged worker bees 
distinctive paint marks and recorded their behaviour 
in an observation hive. He concluded that worker 
bees do a series of jobs in a regular sequence and 
that, although the period of time spent on any 
particular kind of job varies between bees, thus 
allowing some degree of adaptability, the kind of 
job on which a bee is engaged at any given time 
largely depends on its age. Later, LINDAUER? 
confirmed the general existence of a sequence of 
household jobs, conditioned by age, but found this 
sequence to be very variable so that the behaviour 
of an individual is, irrespective of its age, readily 
adaptable to the current needs of its colony. Con- 
trary to Ro6sch’s conclusions, Lindauer found that 
a household bee often has several different activities, 


such as feeding the grubs and comb building, during 
the same period of its life; that, indeed, it wanders 
around the combs doing, to the best of its ability, 
any necessary jobs. However, its ability to perform 
certain jobs effectively depends on its age; for 
instance, if it is not old enough for its wax glands 
to be secreting it obviously cannot build comb 
efficiently. 

Shimmering 

This system, in which a household bee does what- 
ever job it finds, seems to work very well, and no 
system of communication seems to be involved. 
When, however, a colony is disturbed by an intruder, 
a simple form of communication comes into opera- 
tion and alerts the guard bees. This is particularly 
well seen in colonies of the Indian honeybee (Apis 
indica), in which, at the approach of an intruder 
such as a hornet, the nearest bees shake their bodies 
violently from side to side in concert. This * shim- 
mering’ behaviour (BUTLER®) rapidly spreads 
throughout the colony and usually causes the 
intruder to retreat. 

Food Dances 

It is mainly among the field bees—the foragers 
that a system of communication is apparent. In 
1788 SpirzNer? stated that foragers who have found 
a rich source of food recruit, by means of dances, 
other members of their colony to exploit the source, 
but he supposed that such dances merely excited 
the other bees who were thus encouraged to accom- 
pany the dancers to the food. It was not until 
VON FriscuH® described his early experiments that it 
became clear that the recruits do not accompany 
the dancers to the food but quickly find their own 
way there. This suggested to von Frisch that the 
dancers might have some way of informing the 
recruits of the direction and distance of the food 
from the hive, but, as he was unable to demonstrate 
this, he concluded that the only information given 
was the discovery of food of a particular kind 
i.e. pollen or nectar—outside the hive and that the 
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Figure 1. 
centre of the picture is a successful forager which has returned home with a 


load of nectar. 


The dance language of the honeybee*. The worker honeybee in the 


It is informing other members of its colony of the source of 
this nectar by means of the dance language. 


Note the interested bees sur- 


rounding the dancer which has paused for a moment to give some of the nectar 
to one of these bees, thus informing it (by its scent/taste) of the scent of the 
flowers from which it has collected it 


recruits go out and search for it in all directions. 
He showed, however, that the recruits learned from 
the flower scent on the body of a dancer what 
particular scent the food was associated with and 
that this helped them in their search. 


In 1923 von Frisch described two dances that 
successful foragers perform on the combs in the 
nest (see Figure 2). The so-called * round ° dance in 
which the dancer runs round in a circle in one 
direction a few times, then reverses and runs round 
in the other direction, and so on; and a ‘ wagtail ” 
dance in which-the dancer traces out a figure-of- 
eight with its two loops separated by a straight run 
during which it wags its body from side to side. 
Because the bees he happened to see making round 
dances were nectar-gatherers, and those making 
wagtail dances were carrying loads of pollen, von 
Frisch supposed at this time that the round dance 
informed recruits of a source of nectar and the 
wagtail dance of a source of pollen. 


Very soon afterwards, PARK® made the important 
discovery that wagtail dances are performed by 
nectar-gatherers as well as pollen-gatherers, thus 
showing that, unless his American bees had a 
different language from von Frisch's Austrian ones, 


von Frisch was incorrect in concluding that the 
round dance is exclusively associated with nectar 
collection and the wagtail dance with pollen. How- 
ever, Park did not follow his observation up and, 
indeed, it was not until VON FriscH’* returned to 
study the bee’s dance language and confirmed 
Park’s observation that its significance became clear. 
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Figure 2. Dance-language of the honeybee 

‘round dance ’—food near hive; (b) 

food about 60-80 yards away; (c) Typical * wagtail’ 

dance—food more than 100 yards away. (Arrows indicate 
direction of movement of dancer) 


(a) Typical 
* Sickle’ dan 


Von Frisch found that bees fed at a feeding p! ice 
within a few hundred yards of their hive recruited 
others to help collect the food and that relati» «ly 
dishes of sy up 


few of their recruits discovered 
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pl« sed further from the hive on the same line, and 
ve y few found dishes placed in other directions 
fron the hive. Indeed it appeared probable that 
th: dancers were indicating both the direction and 
di ance from the hive of the food source. However, 
evn after many experiments, all of which suggested 
that the bees were indicating both distance and 
disection, von Frisch hesitated to accept this 
explanation. Considering it possible that the bees 
that had found the food might lay a scent trail 
which the recruits followed, he sealed the scent- 
producing glands of the trained bees with shellac. 
Even then the recruits behaved in the same way and, 
as no other explanation seemed possible, he con- 
cluded that bees can indeed communicate to their 
companions, by darcing, the distance and direction 
in which food lies. 


Later VON FRISCH’ found that when the food was 
less than about a hundred yards from the hive the 
bees performed round dances, but when the dis- 
tance was greater than this they made wagtail 
dances instead. Furthermore, the greater the dis- 
tance between hive and food, the longer the straight 
run separating the two loops of the figure-of-eight 
became and the smaller the number of figures com- 
pleted in unit time. Thus, if the food was three 
hundred yards away, the dancer completed about 
twenty-eight figures per minute, but when it was 
three thousand yards away it only made nine. The 
further the food was from the hive the less energetic- 
ally the dancers performed, and there was no dancing 
when it was about three miles away and uneconomic 
to collect. Even at the greater distances, however, 
the information given was accurate enough to lead 
a recruit to within at least a hundred and fifty yards 
of the food, and when it was nearer home the 
accuracy was very much greater. 


Von FriscH’ found that the direction in which 
the food lay was indicated by the direction in which 
a dancer made the straight run separating the two 
loops of the figure-of-eight of her wagtail dance. 
The dancer performs, of course, on the vertical face 
of a comb in the darkness of the nest, and under 
these conditions von Frisch found that gravity takes 
the place of the sun. If, for example, the food lies 
in the directron of the sun the dancer orientates its 
dance so as to make the straight run vertically 
upwards, when it lies in the opposite direction to 
the sun the run is made vertically downwards, and 
when the feeding place lies to the right or left of a 
|'ne between hive and sun the straight run is made 
«t the appropriate angle to the left or right of the 
_erpendicular. 


The first signs of wagtail dances sometimes 
ppeared when the food was fifty to sixty yards from 
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the hive and became increasingly common as the 
distance increased until, by the time the food was 
a hundred yards away, transition from round to 
wagtail dance was complete. It was thought, there- 
fore, that at distances shorter than fifty to sixty 





Guarding the hive entrance. Strangers are 
recognized by their body odours 


Figure 3. 


yards recruits learn only that there is food some- 
where outside the hive within this distance and 
wander in all directions looking for it. However, 
in 1950, TscHumi® described a series of dances, 
which he called ‘ sickle dances’ (Figure 2), inter- 
mediate in form between typical round and wagtail 
dances, and showed that these indicate distance 
between hive and food at the shorter distances. 


The richer a source of nectar the more vigorously 
the foragers dance and the more bees they recruit 
(VON FRISCH!®), and yet, when their colony requires 
water, bees will also indicate water supplies (PARK®). 


Sometimes bees dance in the light, for instance 
on the alighting board of the hive, when they make 
the straight run of the wagtail dance point directly 
towards a source of food. When a comb on which 
bees are dancing is taken from a hive and turned 
until it is horizontal, most of the bees stop dancing 
but a few continue and make their runs point 
towards the food they have found. When the comb 
is slowly rotated in a horizontal plane bees allow 
for the turning and continue to make their runs 
point in the same direction. However, when the 
comb is held beneath an opaque screen so that the 
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Figure 4. Worker honeybee gathering nectar and pollen from a cornflower. 


Its body is covered with clumps of pollen grains. 


When it returns to the 


nest and dances interested bees appreciate the scent of the flower on its body 
and this helps them to find the flowers 


bees cannot see the sky, or under a screen trans- 
parent to red light only (which is imperceptible to 
bees), the dancers immediately become completely 
disorientated. They will, however, reorientate them- 
selves, as if to the sun, when light from a torch is 
shone on to the comb (VON FRISCH??). 


In 1949 von FRISCH! found that bees can orient- 
ate their dances perfectly provided they can see a 
small patch of blue sky. This and similar observa- 
tions led to his great discovery that, even when bees 
cannot see the sun, they can determine its position 
provided they can see a small patch of blue sky, 
because they appreciate the degree of polarization 
of the reflected light, which varies in a regular way 
in different parts of the sky. 


Nest Sites 


Not only can bees inform other bees where food is 
to be found, but also, when a colony is swarming, 
scout bees indicate to the others the whereabouts 
of suitable nest sites, such as hollow trees (LIn- 
DAUER"*). When a colony is about to swarm some 
of its foragers give up seeking food and look for 
nest sites instead. When a scout finds a possible 
nest site it examines it thoroughly, often making 
several journeys from its colony to do so. When 
the swarm leaves its hive it usually clusters on a 
convenient support nearby, and the scout bees that 


have found possible nest sites begin dancing on the 
surface of the swarm itself. Perhaps half-a-dozen 
vacant sites will have been discovered and the 
dancers can be divided into six distinct groups, the 
members of each of which will be * describing ’ the 
position of the site they have found. But the vigour 
with which a bee dances is determined, apparently, 
by the degree of suitability of the site it has dis- 
covered, so that the bees of some groups dance more 
vigorously than those of others and attract the 
attention of more bees who, after visiting the site, 
dance in their turn. Eventually the less vigorous 
dancers give up or are attracted by the more vigor- 
ous dancers in one or more of the other groups and, 
having visited the sites the latter have found, change 
their allegiance. In this way, within an hour or two, 
all the dancers usually come to ‘ agree’ on the best 
site and then, and usually only then, the swarm 
flies off to occupy its new home. Lindauer described 
an exceptional happening, when a swarm took off 
before all its scouts had agreed on the best site and 
subsequently divided in mid-air! 


Food-Exchange 


VON FrRIscH* demonstrated that bees attracted by 
dancing forager learn the odour of the flower fr¢ 
which it has collected food not only from the sce 
clinging to its body but also from that in the nect 








COMMUNICATION 


it zives to them from time to time. Thus food- 
exchange plays a part in the dance-language system 
of communication and it has also been shown to be 
important in keeping the members of a colony 


IN A HONEYBEE COLONY 
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by all its members (KALMUS and RIBBANDs'*). This 
enables the bees of a colony to recognize each other 
and distinguish bees from other colonies, thus 
enabling them to guard their nest and food stores 


against unwanted intruders and robbers. 


It is likely that further research will show that 
information about many other things is communi- 
cated by one bee to another by exchanging and 
sharing substances in food, for such food sharing 
occurs rapidly and widely in every colony (NIXON 
and RiBBANDs!"). Indeed it is possible that much of 
the apparently complicated behaviour, not only of 
members of honeybee communities but also of those 
of other social insects will be found to be controlled 
in this simple way. 
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Figure 5. Queen surrounded by workers. The two nearest 
her tail, are probably licking queen substance from her 
body 


‘informed’ that their queen is present in the nest 
(BUTLER', BUTLER and SimMpPSON"*). This is brought 
about by a few bees obtaining a glandular secretion 
from the queen and sharing it in regurgitated food 
with other members of their colony. Lack, or even 
shortage of this ‘ queen substance’ results in queen 
rearing and other important changes in the behaviour 
of the worker bees. 


Again, the sharing of a communal food supply 
by the members of a colony leads to the production 
of a particular colony odour, differing slightly from 
that of other colonies which obtain different propor- 
tions of their food from the same flowers, but shared 
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1960 ESSAY COMPETITION FOR SCHOOLS 


THE Research Essay Competition for Schools was instituted in 1957 with the pur- 
pose of encouraging scientifically-minded school pupils to write clearly and com- 
prehensibly about their work; thus it was hoped to assist in raising the standard 
of the writing of scientific reports in the future. 


° The 1960 competition has reverted to its original form. Schoolboys and school- 
girls are asked to write a report of 1000 to 1500 words on any recent piece of practi- 
cal work or special project they have carried out in chemistry, physics or biology. 
The author of the best report, in the opinion of the judges, will receive a prize of 
books to the value of £15 and there will be a second prize of books to the value 
of £10. In addition, books to the value of £15 and £10 will be awarded to the 
school libraries of the first and second prize winners respectively. 


Full details of this competition are available from the publishers of Research, 
4 and 5 Bell Yard, London, W.C.2. 











REMOVAL OF 


RADIOACTIVE PARTICULATES FROM AIR 


P. A. F. WHITE and S. E. SMITH 


Atomic Weapons Research Establishment, Aldermaston 


High efficiency particulate filters used in radioactive ventilation and extract systems at 

A.W.R.E. are described, with reference to the developments on new filter media and in filter 

design which have taken place over the last 8-10 years. The most recent designs are fully 

non-combustible and show greatly increased economy over older types. Mention is also 
made of the use of primary separators where the dust burden is high. 


IN BUILDINGS where radioactive substances are 
handled, a number of special air treatment problems 
arise. Ventilation of work areas must be efficient to 
avoid the build-up of radioactivity. Where relatively 
high levels of activity are encountered the work must 
either be completely contained, as in glove-boxes, or 
carried out in fume cupboards through which air 
must be drawn at a sufficient speed to avoid radio- 
active particles or gases leaking back. Care must 
also be taken at the entry to areas where pressurized 
suit operations are to take place, such as the decon- 
tamination and maintenance of glove-boxes and the 
equipment contained in them. Where machining 
operations are carried out on radioactive materials, 
cleanliness may be maintained by suction of air over 
the work piece. If the materials so treated are fissile, 
problems of cleanliness are also important due to 
possible criticality. If they are very expensive the 
problem of recovery of materials taken into the air 
stream can also be extremely important. 


Thus where ventilation is used it is of great 
importance that radioactivity should be reduced to 
levels at which it can cause no harm before the air 
is discharged from the building or re-used. In general 
this means reducing the level to the agreed maximum 
permissible concentration in air. If it is passed out 
via a chimney stack, the dilution effect as the effluent 
air is dispersed into the atmosphere is often taken 
into account when calculating the removal of 
activity necessary before the stack is entered. The 
stack dilution factor is the ratio between the con- 
centration in the air entering the stack and the 
maximum concentration reaching the ground. 


As an example, the International Committee on 
Radiological Protection recommended a maximum 
permissible concentration of plutonium* of 3 « 10-™ 
g m® and if a stack dilution factor of 10 is used 
it follows that an efficiency of removal of the activity 


* This is for occupationally exposed persons working a 40 hour week. 


of 99-995 per cent would be required if the air 
contained a plutoniumconcentration of 6 x 10 -®g/m’. 


When planning such air treatment facilities and 
assessing the concentrations of activity in the air 
that could arise, one has to consider not only the 
level of activity under normal working conditions, 
but also any release that could occur accidentally. 
In such assessments, concentrations of 6 mg/m* may 
well be involved, and therefore air treatment effi- 
ciencies of the order quoted above may well be 
necessary. This is a highly specialized filtration 
problem, not only because the extraction efficiency 
required is high, but also because the particles to be 
removed are smaller in size than is normally the 
case in other industries. 


Any equipment that is used must maintain its 
efficiency over long periods, must be sufficiently 
robust to be unlikely to suffer damage, must go as 
far as possible in meeting engineering and economic 
considerations as to size, power requirements and 
cost and must not be of an inflammable nature. 
As in most air treatment problems of even moder- 
ately high efficiency it is sometimes necessary to 
consider it in two parts; firstly a primary separator 
to deal with the bulk of the material to be removed, 
followed by a very high efficiency secondary separa- 
tor which will probably not have a high dust loading 
capacity. 


Filtration 


We are concerned in particular in this article to 
describe the development that has taken place at 
A.W.R.E. with the help of the Ministry of Aviation, 
Chemical Defence Experimental Establishment at 
Porton, and private industry, over the last eight to 
ten years in very high efficiency secondary filters of 
the inertia—impaction type. The only alterna'ive 
principle which has been used for this purpos« 1s 
electrostatic precipitation and this method, ever if 
it met the efficiency requirement, suffers from he 
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REMOVAL OF RADIOACTIVE PARTICULATES 


Figure 1. Methylene blue 
test house at A.W.R.E. 


disadvantages of being very expensive, and that it 
can fail in certain ways. Some mention will also be 
made of work which has been carried out on primary 
separation processes. 

When an efficiency of removal of 99-995 per cent 
is indicated, this refers to a weight percentage over 
all particle sizes that may be encountered. In 
practice it is found that the efficiency of particle 
removal is at a minimum at particle sizes around 
0-1 to 0-5 uw. The actual particle size at which 
minimum efficiency of filtration occurs depends on 
such things as the nature of the fibre, its surface 
structure, matting together of the fibres, efc., but the 
principal factors in filtration of small particles are 
(1) interception by a fibre of a particle travelling in 
a stream-line, and (2) Brownian motion causing a 
particle to deviate from the stream-line and enhance 
its chance of coming into contact with larger par- 
ticles; the latter leads to high efficiency for smaller 
particles and so there exists a minimum in the 
efficiency versus particle size relation. 


Since radioactive particles carried forward by a 
ventilating air stream are likely to be small, effi- 
ciencies are normally established for 0-5 u particles 
so that in any practical installation where some 
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particles will be smaller and some larger, the actual 
efficiency will be higher and therefore a conserva- 
tive design figure will have been used. 


Tests for Efficiency of Filtration 

To establish the efficiency of filters for 0-5 u particles 
the methylene blue test is used. This was devised 
by GREEN and WATSON in 1938 and with modifica- 
tions it forms British Standard 2831: 1957. It has 
been described many times but consists essentially 
of a continuous generation of a cloud, by atomizing 
a | per cent solution of the dye-stuff methylene blue 
in water through a Collison type atomizer and intro- 
ducing this cloud into the air stream of the filter 
under test. The solution droplets dry off to leave 
particles of mass median diameter about 0:5 u. The 
efficiency is determined by comparing the stain on 
filter papers through which are passegi samples of 
the air taken before and after the filter, or by optical 
density measurements. Another system is based on 
the use of a dioctylphthalate cloud, but the equip- 
ment required for this is more expensive; more 
recently a need has been felt for a quicker test than 
the methylene blue method, and one based on a 
sodium chloride cloud has been devised in which 
the intensities before and after filtration are measured 
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by the intensity of the characteristic sodium line 
produced when the clouds are passed through a 
hydrogen flame. 









Perforated tube 


Outer casing 
Resin wool (or 


asbestos wool) filter 
medium 


Clamping ring 





Figure 2 


A photograph (Figure 1) shows the methylene blue 
test house for filter materials and filter units at 
A.W.R.E. Results from this test are usually 
expressed as methylene blue penetration percentage 
which of course is the obverse of efficiency and in 
fact this measure is usually used to express the 
performance of filters. 


Filter Media 


In the first radioactive air treatment plants built at 
A.W.R.E. in 1951, the filter media used were resin 
wool, and wool-asbestos, of types developed at 
C.D.E.E. Porton and incorporated in cylindrical 
canisters as shown in Figure 2. Both these materials 
are highly efficient filter media. The wool—asbestos 
mixture derives its efficiency from the extremely 
pure asbestos fibres present. The size of the canisters 
for wool—asbestos was approximately 8} in. diam. 

5 ft 14 in. long, for 6 ft? of filter area, the 
capacity 36 ft*/min per unit and the pressure drop 
0-8 in-1-:2 in. W.G. Resin—wool is corded merino 
wool impregnated with a ground thermoplastic 
resin. The resin particles are believed to become 
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charged during manufacture and retain this charge 
owing to the very low conductivity of the wool. 
Airborne particles passing through this medium 
become charged by friction, so that electrostatic 
attraction between particles and fibre material 
ensues. In long term use however, there is a deterior- 
ation in this effect. The linear air velocity used is 
higher in this case, and the same size filters have a 
flowrate of 180 ft*/min. 


A greatly improved filter medium was developed 
by C.D.E.E. Porton in 1955. This consisted of 50 
per cent cotton, 50 per cent asbestos, woven into 
lengths. The great advantage of this material was 
that it could be pleated, and by pleating it around 
corrugated spacers a large surface area could be 
presented to the flow of air so that, although using 
the low penetration velocities which give high 
efficiency and low pressure drop, the overall size of 
the unit for a given volume of air treated could be 
greatly reduced. Thus an 18 in. x 18 in. x 18 in. 
pack contains about 72 ft® of filter area, and has a 
capacity of 200 ft*/min. These filters have a longer 
life than the resin wool filters, before clogging up 
due to dust accumulation; they suffer from the 
disadvantage of a slightly higher initial pressure 
drop. 








Figure 3 
A—Cotton-—asbest 
or fibre glass lap 
B—Beaded edge o 
spacer; 
C—Corrugated 
spacer; 
D—Miuslin scrim 





The general nature of the design of the filter uni 
making use of this medium is shown in Figure 
Figure 4 shows the relation between increase 
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pr« sure drop, and length of service; this shows the 
che racteristic shape of the curves for various dust 
loz dings: first a steady rise followed by a sharp 
inc ease in pressure drop which determines the 
economic life of the unit, since it then becomes 
cheaper to replace the filter than to pay for the 
increased fan power costs. When clogged, this type 
of ‘ilter contains something like a quarter to half a 
poind of dust (for the 200 ft*/min size). In order 
to improve the filter life, a two-stage filter was 
developed and used at A.W.R.E. in which the cotton 
asbestos unit was preceded by a similarly constructed 
pleated filter, composed of a mat of glass fibres. 
The glass fibre filter acts as a roughing filter, being 
itself about 93 per cent efficient to methylene blue 
particles and therefore considerably more efficient 
than this for removing the coarser dust. Figure 5 
shows the pressure drop versus life of filter curve, 
for the combined filter, in which the roughing filter 
is renewed when the overall pressure drop has 
reached 4 in. W.G. It indicates that extension of the 
life of the cotton asbestos filter can be obtained by 
renewing the cheaper glass fibre filter which removes 
most of the dust burden. 
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Figure 5. Cotton-asbestos filter with glass 
fibre prefilter (200 ft*/min) 


The pads of cotton—asbestos used in these filters 
are 0:5 in. thick initially (less when compressed) and 
it was obvious that if similar materials could be 
made into a thin paper one might get similar per- 
formance in units still smaller. If the paper was 
strong enough and stiff enough it might also be 
possible to eliminate the spacers. 
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Figure 6. A—Beaded edge of spacer; B—Cor- 
rugated paper spacer; C—Paper filter medium 


Filter units constructed from cellulose—asbestos 
paper filter medium were reported being made for 
the U.S. Atomic Energy Commission in 1953, and 
this triggered off effort in this country to develop 
similar paper media. After a joint effort by Messrs 
Wiggins Teape Ltd (paper manufacturers) and 
Messrs Vokes Ltd, the first paper filters in this 
country were produced in 1956; the design of these 
is shown in Figure 6. A filter with a capacity of 
1000 ft*/min was, by this design, obtained in a space 
of 24in. « 24in. x 11-Sin. (250 ft* of filtering area). 

The characteristic pressure rise-length of life 
curve for this unit is given in Figure 7. Although 
the paper has a lower dust capacity per unit area 
than cotton asbestos, it has approximately the same 
dust capacity, for the same size of filter. By putting 
a glass wool prefilter in front of the paper unit, its 
life can be extended, in the same way as for the 
cotton asbestos type (Figure 8). 

The filtration efficiency obtained for a single stage 
paper filter, was 99-95 per cent to methylene blue, 
and therefore to meet higher efficiencies than this, 
it was necessary to use two units in series. Tests 


at A.W.R.E. on combinations of two filters showed 
that an efficiency of 99-995 per cent was readily 
obtainable; this principle may be extended further 
if necessary. More recently produced papers have 
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a single stage efficiency of 99-99 per cent, so that 
there is now little difficulty in meeting the highest 
efficiencies called for. These paper filters, like the 
first American ones, were made up, sealed into 


wooden frames with adhesive, actually with the 
object of being combustible, for disposal purposes. 

















o 
= 
c 
af 
2, 
v 1t0lb dust retained 
v a os awe 
a 
2 
a Atmospheric dust concentration 
IF 0:04 mg/m3 
A 4 i 4 4 1 i 
0 3 6 9 12 15 18 21 24 
Time month 
Figure 7. Paper filter (1000 ft®/min) 
$ 
s Atmospheric dust concentration 
0:04 mg/m? 
85+ y, 
oe 4b --____1:8lb dust fetained __ 
S ver whole filter 
i) 3 - 7 
ac 
& 2F _-7 Over paper filter only 
bree 
iL iL L L 1 1 1 1 
0 Ss 6S UBER A sm 
Time month 
Figure 8. Paper filter with glass fibre 


prefilter (1000 ft®/min) 


At A.W.R.E., however, where even a small fire 
risk is undesirable, a steel canister design was 
developed, as shown in Figure 9; this steel container 
will be seen to include a number of compartments, 
which can be used in several different ways. For 
example, it is possible to use two stages of paper 
filter, preceded by a glass fibre prefilter, for maximum 
efficiency, or one paper filter stage preceded by two 
graded prefilter packs, for maximum dust retention 
capacity and filter life. 


Fire Risk 


These units represent very sound progress towards 
a design which gave a good performance for a 
small size as well as having low fire risk. They 
were not, however, completely non-combustible. 
Some attempts were made by the manufacturers 
both here and in U.S.A. to impregnate the paper 
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and the wooden frames with fire 


retard.nt 
materials, but tests on these carried out by A.E.R_E., 
Harwell and A.W.R.E. showed the treatment to 


be only partially effective. It was realised at 
A.W.R.E. that the answer to the non-combustibility 
requirement lay in further development of filters 
of this type, but made from glass paper filter 
medium, encased in steel frames and sealed by 
fireproof cement. 


Paper composed of a mixture of very fine glass 
fibres had originally been made for the U.S.A.E.C. 
for use at temperatures beyond the range of the 
asbestos paper, but without full attention being 
given to the complete non-inflammability of the 
whole filter design. Difficulty was experienced at 
first in securing supplies of the necessary fine glass 
fibres for glass paper manufacture in Britain, but 
when glass paper became available here a collabora- 
tive effort between A.W.R.E. and Vokes Ltd secured 
a glass paper filter design which was completely 
non-inflammable, and resisted temperatures up 
to 500°C. This is the type of filter which is coming 
into general use at Aldermaston now, and it seems 
very doubtful whether greatly improved per- 
formance for normal purposes can be expected of 
filtration of this sort. 






Glass fibre 
prefilter 





paper 
main filters 


Figure 9 


There are possible applications in the atomic 
energy industry, however, where inability to work 
above 500°C—or rather the possibility of loss of 
efficiency if through external fire the temperature 
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ex.ceded 500°C—is not a satisfactory feature. 
Fo, such applications a further development is 
be ag planned making use of papers composed of 
in rganic fibres such as quartz, capable of with- 
stending temperatures up to 2000°C. 


U:e of Primary Separators 


In certain operations with radioactive or toxic 
muterials, for example the machining of uranium 
or beryllium, a heavy concentration of fine particles 
is produced. This dust is picked up by a high 
velocity extract, from around the cutting tool etc. 
to preserve clean working conditions. In these 
cases some initial removal of the bulk of the dust 
is necessary before the air is exhausted via the 
high efficiency filters, in order to avoid the filters 
becoming prematurely clogged. This is brought 
about by conventional dust removal equipment 
such as cyclones, or in some cases wet scrubbers, 
with standards of efficiency in the range 60 per cent 
to 90 per cent for particles down to 2 u. The efficiency 
of removal by cyclones is:enhanced in the case of 
uranium or its oxides by virtue of the very high 
density of these materials, and is as high for 
1» particles of uranium dioxide as it is for 2 u 
particles of a normal atmospheric dust. 


As an example of the value and use of primary 
separating devices for uranium, the following 
figures are quoted from design work carried out 
for a new uranium processing building at A.W.R.E. 
The general dust loading in the process rooms 
and workshops was found to be 0-04—0-07 mg/m‘, 
whereas the dust pickup in a high velocity machining 
vent hood was about | mg/m*, and that from a 
fettling booth extract, 700 mg/m*, the mass medium 
diameter of these dusts varying from 3 to 15 uw. In 
this case a multicyclone installation on the fettling 
booth extract was a most effective means of pre- 
venting overloading of the filters. Cyclones are 
also used in beryllium machining extracts. Another 
reason for the use of primary separators is often 
the high value of the material covered, for example 
enriched uranium (containing U***), even though 
the actual weight of the material involved may be 
only a few hundred grams per year. 


Although conventional types of equipment are 
used for this purpose, special attention has to be 
paid to the design in order to be able to collect and 
remove ihe radioactive dust under safe working 
conditions. 


Conclusion 

We have thus reached a stage where very high 
elliciency air filtration (up to 99-999 per cent 
methylene blue) can be achieved by the use of units 
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measuring only 2ft x 2ft x S5ft6in. overall, for a 
throughput of 1000 ft*/min and including a rough 
filtering stage which should ensure a life for the 
main filter elements of several years. This filter 
unit is completely non-combustible being con- 
structed entirely of fireproof materials and it is 
unaffected by temperatures up to 500°C, failing 
only when the glass melts. It is also chemically 
inert to most likely dusts. Figure 10 shows the 
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Figure 10. Scale diagram showing the floor area 
occupied by a 30000 ft®/min capacity filter plant using 
3 different types of filters. The progressive reduction in 
space is clearly illustrated. (The areas include filter 
manifolds and access space, but not main trunking or 
fans.) A, Asbestos wool: 830 units, 36 ft®!min each 
unit; B, Cotton-asbestos: 150 units, 200 ft®/min each 
unit; C, Glass paper: 30 units, 1000 ft®/min. each unit 


progressive reduction in area required for air 
treatment plant for a building with an air load of 
30,000 ft*/min with the various stages of develop- 
ment described here. 


While all these developments have been made 
largely in relation to the atomic energy industry 
in this country, it is felt that their wider application 
is inevitable when their performance, particularly 
in relation to their small size and safety, is appreci- 
ated more generally. As the hazards which can 
arise from dusts and fumes are better understood 
and as the number and variety of such fumes 
increase with the growth of chemical and metal- 
lurgical industry increasing pressure is brought to 
bear to halt the discharge of poisonous particles 
into the air. This is expressed in recent legislation 
by the Clean Air Act of 1956 and the ever widening 
field of chemical and metallurgical industry covered 
by successive Orders extending the operations 
controlled by the Alkali Acts. It may well be that 
those filter types or others of lower efficiency 
designed on the same principles so that even smaller 
sizes and pressure drops for a given throughput 
might obtain, could provide a useful and not 
uneconomic means of overcoming some of these 
problems. 


The illustrations are reproduced by permission of 
(Crown copyright reserved) 


U.K.A.E.A. 











POLYMER VISCOELASTICITY AND 


LIQUID STRUCTURE 


P. MASON 


British Rubber Producers’ Research Association, Welwyn Garden City 


Many different mechanical properties of polymers can be measured under 
different boundary conditions, but all can be expressed in terms of a distribution 


of relaxation times. 


These -properties are strikingly dependent on both time 


and temperature. A quantitative equivalence between the effects of time and 
temperature has been established, and theoretical treatments emphasize the 
liquid-like character of the processes involved. 


MATERIALS of very high molecular weight form a 
group of practical importance and _ theoretical 
interest. They include biological substances, such as 
tissue and muscle, the natural and synthetic rubbers 
and fibres, resins and thermoplastics. Many of 
these materials, in particular rubbers and thermo- 
plastics, display an interesting variety of mechanical 
behaviour. Solid, liquid and even gas-like properties 
may be observed at different temperatures and fre- 
quencies without necessarily passing through any 
first-order phase transition of the material. From 
the standpoint of polymer viscoelasticity it is the 
liquid-like behaviour which is of prime importance 
and many of the recent important advances in this 
field rest on the implicit recognition of polymers as 
a special kind of associated, glass forming liquid. 


As an example of the behaviour of these materials 
the typical variation of shear modulus with tem- 
perature at a constant frequency or time of loading 
is shown in Figure ]. At low temperatures the 
material is a glassy solid, with a shear modulus 
around 10!° dyne/cm? and an extensibility of only a 
few per cent. The qualitative state is not affected 
by the presence of small dispersions in modulus, as 
indicated, which result usually from the onset of 
rotation in side-groups. As the temperature in- 
creases, the material becomes progressively softer 
and more extensible until a plateau is reached at 
about 10® dyne/cm*. This plateau corresponds to 
the rubberlike behaviour of everyday experience 
and the extensibility here may be as high as 1000 
per cent. The rubberlike elasticity arises from the 
fact that large deformations can be achieved by 
molecular rearrangement without doing any work 
in stretching or bending primary bonds: the elastic 
restoring force is thus derived from an entropy rather 
than an internal energy change, and in this respect 
the behaviour resembles that of an ideal gas. 


If the polymer has a continuous and fairly open 
three-dimensional structure as, for example, in 
ordinary vulcanized rubber or in a lightly poly- 
merized formaldehyde resin, the plateau is main- 
tained up to the point where chemical decomposi- 
tion intervenes. More generally, however, the long 
molecular chains will not be coupled by primary 
bonds so that a fourth region is finally reached where 
the polymer flows as a viscous liquid. 


Considerable advances have been made during the 
last fifteen years or so in the understanding of the 
main viscoelastic region lying between the glassy 
and the rubberlike states. Before these develop- 
ments took place the main problem was one of 
classifying the great variety of viscoelastic data 
which could be obtained both by observing different 
viscoelastic phenomena, e.g. creep, stress relaxa- 
tion or response to vibration, and by varying either 
the temperature or the time (or frequency) of the 
observation. Now a mathematical basis has been 
laid by which the exact relations between observa- 
tions under different stress or strain systems have 
been revealed; an empirical principle has been well- 
established by which the equivalence between the 
effects of temperature and time can be described 
quantitatively; and several theoretical approaches 
to these relaxation phenomena have been made 
which go some way towards a molecular under- 
standing of polymer viscoelasticity and which 
emphasize the liquid-like character of the processes 
involved. These three phases of the development 
will now be discussed briefly. 


Formal Basis of Viscoelastic Behaviour 


Viscoelastic behaviour is usually observed as tie 
response to an arbitrarily chosen stress or strain 
programme. Thus creep may be observed as Lie 
deformation over a period of time following tie 
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abrupt application of a constant stress:  stress- 
re‘axation as the variation in stress with time follow- 
ing the abrupt deformation of a specimen to a 
constant value: or a dynamic modulus as the (com- 
plex) response to an applied stress or strain varying 
sinusoidally with time. 


Recent developments, notably by Gross, have 
shown that all such response functions are mathe- 
matically equivalent, and that they can all be 
derived from a basic function which may be ex- 
pressed as the distribution of relaxation times of the 
material. It should be remarked that the theory 
is subject to the restriction that the behaviour is 
linear, i.e. that the responses due to separate stress 
or strain programmes are simply additive. All 
materials are linear in this sense for infinitesimal 
strains, and many polymers are linear for finite 
strains up to several per cent. 


Figure 2, adapted from Gross*, shows the inter- 
connection of some of the possible response func- 
tions and their relation to the relaxation time dis- 
tribution function. The general Maxwell model is 
simply a generalization of the spring-and-dashpot 
arrangements commonly used by rheologists as a 
mental aid to visualizing the significance of the 
appropriate differential equations‘. 


It should also be observed that on the formal 
theory there should be two quite independent sets 
of behaviour, each with its own response functions 
and relaxation time distributions, one relating to 
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Figure 1 Shear elasticity of polymers at constant loading 
time 


hear deformations (distortion without volume 
change) and the other to volume deformations 
‘volume change without distortion). This, however, 
S a continuum concept which is not necessarily 
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applicable to real materials with an atomistic 
structure. Thus for amorphous substances such as 
liquids, both shear and compression will lead to 
molecular rearrangements and many detailed mole- 
cular movements will be common to both processes: 
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Figure 2. Inter-relations of mechanical response functions 
(after Gross’) 


the shear and volume responses will therefore no 
longer be independent. As an illustration of this 
PICCIRELLI and Litrovirz> measured the complex 
shear and compressional moduli of glycerol and 
found that although different relaxation time distri- 
butions were required for the two modes, the shear 
viscosity was equal to the volume viscosity, the 
average relaxation times were very similar and the 
temperature dependence of both of these quanitites 
was the same over a wide range of temperature. 


Equivalence of Time and Temperature 


A quantitative expression of the relation between 
the viscoelastic effects of a change in temperature 
on the one hand, and a change in time (or frequency) 
of observation on the other, has been obtained 
largely through the work of LEADERMAN*®, TOBOLSKY 
et al.’, and Ferry et al.*, and these developments 
have been well reviewed by FEeRRyY’®. 


As an example of the precision which is obtain- 
able with the aid of the accepted time-temperature 
transform, Figures 3 and 4(a), taken from the work 
of FirZGERALD, GRANDINE and Ferry?®, show first 
the real part of the shear compliance of polyiso- 
butylene measured over about two decades of 
frequency and a wide range of temperature, 7; and 
secondly the way in which these values would vary 
over a range of about nine decades of frequency at 
an arbitrary reference temperature, 7, = 25°C. 
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Figure 4(a) is constructed by transforming the act- 
ual frequency w/2x of an observation to wa7/2z 
where ar is given by 

log ar = C, (T — T,) (C2 + T— To) ....(1) 
and C, and C, are constants whose values will be 
discussed below. 
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Figure 3. Real part of shear compliance of polyiso- 


butylene (FITZGERALD, GRANDINE and FERRY?®; courtesy 
J. appl. Phys.) 


As a confirmation of the internal consistence of 
this method of transformation, Figure 4(b) shows 
the result of transforming the imaginary compliance 
components of the same material using the same ar 
values as for Figure 4(a). It is seen again that the 
data over the whole range fall on a single, smooth 
curve. Agreement of this kind is generally ob- 
tained for amorphous linear or lightly cross-linked 
materials. Some instances where the transformed 
data do not fall ona single curve have been found!!!” 
but these appear to involve additional specific 
mechanisms, such as the entanglement of lengthy 
side-groups, so that the materials are viscoelastic- 
ally inhomogeneous. It should be noted that the 
reduction factor log ay applies not only to the 
complex compliance components as in the example 
shown, but also to any viscoelastic response func- 
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tion including, as a limiting case, the steady state 
viscosity. Thus BARLOW and LAmsB* have used ar 
values, determined as the ratio of the shear viscos- 
ities at temperatures T and 7), to transform the 
complex shear modulus of lubricating oils over a 
reduced frequency range of some eight decades. 
The success of this procedure as applied to both 
real and imaginary modulus components is shown 
by Figure 5. 


The really far-reaching implication of Equation J, 
however, was pointed out in 1955 by WILLIAMS, 
LANDEL and Ferry'*®. They showed that the 
constants C, and C, were not merely curve-fitting 
parameters to be determined afresh for each 
material examined, but that, if the reference tem- 
perature 7, were correctly chosen, the values of 
C, and of C, were common to a wide range of 
amorphous polymers and glass-forming liquids. In 
particular, if 7,, the glass-transition temperature of 





cm?/dyne 





- — .* + ~ 7 

$s ‘, 

DR eet 
80 “te — + | 
os _| | | oe 

| (a) Real part “fen, | 
-10-0K.—+-—+- p—} - 











cm?/dyne 
x 

. | 
) 

| 

} 

| 


-BI 4 XK 
™ %, 
a 9 | | * | | 
oS *, 
= 6, 
~ 
® 
-10+ + —— 
6 
(b) Imaginary part \ 








o 7 : = & > 6 7 8 


log war, 


wo 


——= 


Figure 4. Shear compliance components of polyiso- 


butylene reduced to 25°C (FITZGERALD, GRANDINE anc 
FERRY; courtesy J. appl. Phys.) 
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the material, were taken as reference, Equation 1 
became 

logar= — 17-4(T — T,)/(51-6 + T — T,) ....(2) 
with a range of validity of T, < T < (T, + 100). 


It is this step, perhaps more than any other, which 
justifies the approach of treating polymer visco- 
elasticity in relation to the underlying liquid 
structure. For although the nature of the glass- 
transition, and its possible relation to a second- 
order transition, are still highly controversial*-1°, it 
seems reasonable and valid to accept the following 
geometrical picture of the system, applicable 
equally to associated liquids and to polymers: 

(i) The glass-transition temperature is a well- 
defined singularity in the temperature-dependence 
of any of the intensive properties of the material— 
e.g. density, compressibility or specific heat, mea- 
sured in an experiment with a time scale of the 
order of 1°C in several minutes. As an example 
Figure 6 shows the variation with temperature of 
the specific volume of natural rubber measured with 
temperature increasing at 1°C in three minutes. 

{ii) Below the glass-transition point the material 
behaves as an amorphous solid: the individual 
atoms maintain their relative positions during 
deformation, there being negligible molecular 
rearrangement in experimentally realizable times. 

(iii) As the temperature rises above the glass- 
transition point molecular rearrangements take 
place with increasing ease (in polymers these usually 
result from rotations about C—C bonds), giving rise 
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Figure 5. Complex modulus components of lubricating 
oil. Rr =real component; Xz, = imaginary component 
(BARLOW and LamB!*; courtesy Proc. Roy. Soc.) 


to an additional ‘ configurational ’ contribution?® to 
the specific volume, specific heat, compressibility 
etc., aS appears in Figure 6. This structural effect is 
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zero at the transition point 7,, so that its value at a 
higher temperature T may be measured by 
(T — T,). 
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Figure 6. Specific volume-temperature relationship for 


natural rubber 


Returning to Equation 2, it is seen that the time- 
temperature factor may be thought of in terms of 
the liquid structure as measured by (7 — T,). For 
at the temperature 7, the probability of molecular 
rearrangements at a frequency of about 10-* sec™! 
(i.e. in a few minutes) is effectively zero; at tempera- 
ture 7 this probability has been increased owing to 
the opening up of the structure by an amount 
measured by (7 — T,); at the same temperature T 
the probability of rearrangement may again be 
reduced to zero by reducing the time of observation 
sufficiently—i.e. by increasing the frequency of test 
by the factor ar. 


Shear Viscoelasticity and 
Molecular Structure 


The most obvious structural change produced by 
increasing the temperature of a liquid is its increase 
in volume. In the present context this thermal 
expansion may conveniently be related to the free 
volume of the liquid, a quantity which has been 
variously defined*! but which here is essentially 
a measure of the space available for free molecular 
motion. If the fractional free volume, /, is defined 


as the free volume per unit volume of liquid, then 
the abrupt change Aa in thermal expansion co- 
efficient on passing through the glass transition 
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point, as shown by Figure 6, may plausibly be taken 
as the thermal expansion coefficient of f itself, since 
f will be a small fraction. Thus 

f =f, + Aa(T — T,) owe) 
where f, is the fractional free volume at 7,. 
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Figure 7. Relaxation spectra at 25°C (Ferry®; courtesy 
Springer Verlag) 


Following Eyring’s introduction of the free- 
volume concept, it has been widely employed in 
hole-type liquid theories, and in particular Doo- 
LITTLE” developed a successful equation for vis- 
cosity solely in terms of the free volume. Although 
this development was strictly for temperatures well 
above 7T,, Williams, Landel and Ferry were able 
to produce an equation identical to the transform 
of Equation 1 by combining Doolittle’s expression 
for viscosity with the free volume as given by 
Equation 3. The constants of Equation I could then 
be identified as 
sd B= 12h | hb 
Comparison with the established Eguation 2 then 
indicates that 

f, = 0-025, and Aa = 4:8 x 10-* deg-', 

for all polymers and glass-forming liquids. In view 
of the uncertainty in giving absolute meaning to free 
volume, the value of f,, though plausible, cannot be 
quantitatively tested. The value of the expansion 
coefficient, however, is a good average of the known 
values of this quantity: for example the results 
shown in Figure 6 lead to a value of 4-9 x 10-4 
deg". 


Summarizing at this point, the shear visco- 
elasticity of these materials may be described by 
(i) an isothermal relaxation-time distribution which 
is characteristic of each material; (ii) a glass- 
transition temperature which is also characteristic 
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of each material; and (iii) a temperature coefficient 
ar which applies to ail relaxation times and which 
states the temperature-time relationship for cil 
materials when referred to their own glass-transition 
temperatures. 


The key structural questions arising are thus 
(i) how does the relaxation-time distribution (or 
‘ relaxation spectrum ’) depend on detailed molecular 
properties? and (ii) how does the glass-transition 
temperature depend on detailed molecular proper- 
ties? It has already been seen how a7 depends on the 
* universal ’ properties f, and Aa; these are essenti- 
ally geometrical features of the structure and the 
problem here is now the specific features affecting 
energy barriers—e.g. the detailed shape of inter- 
molecular spaces and the local force-fields—are all 
taken care of in this respect by the introduction of 
T,. 

Some progress in answering the first of these 
questions has been achieved by the development of 
theoretical treatments of polymer viscoelasticity’. 
In these theories each structural element is assumed 
to make both a rubberlike elastic contribution and 
a diffusion-type of viscous contribution to the 
response. The viscous term is introduced in various 
ways, but may generally be represented by a mono- 
meric friction coefficient, £,, defined as the force 
experienced by a monomeric unit moving through 
its environment with unit velocity. 


The relaxation features which have to be 
accounted for by a complete theoretical treatment 
are illustrated by Figure 7, which shows the relaxa- 
tion spectrum for polyisobutylene over a wider 
frequency range than covered by the data of Figure 4. 
At any given relaxation time the ordinate, or ‘ inten- 
sity’ of the spectrum, represents the elastic contri- 
bution from the elements with that particular 
relaxation time. 


Hitherto the theories have been limited to the 
lower part of the glass—rubber transition region and 
to the plateau, where the response is determined by 
fairly long range co-operative behaviour of units 
involving many monomeric units. At very long 
times the problem reduces to a steady-state viscosity 
or to an equilibrium elasticity, and existing know- 
ledge of both of these processes, in molecular terms, 
is fed back into the theories. The behaviour at the 
short-time end of spectrum where the maximum 
occurs, involving the detailed short-range behaviour 
of specific structural groups, has not yet been treated 
theoretically. 


All of the theories are agreed in predicting that 
the relaxation spectrum in the transition region 
In genera! 


should be linear with a slope of (time)-+. 
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tuis is borne out by experiment, particularly in the 
case of polymer solutions. For solid polymers, as 
<2en in Figure 7, there is the somewhat steeper curve 
« pproaching the maximum at short times, and the 
; lateau at longer times, and in the region between 
(aem it is sometimes difficult to identify a slope of 
(.ime)-? with more than a tangent to a continuously 
changing curve. Nevertheless, the second important 
feature of the theories is that the location of this 
;oint or region on the time scale can be used to 
cetermine fy, which cannot yet be calculated directly 
from molecular data. This quantity is of great 
importance in viscoelastic behaviour and seems to 
combine some of the characteristics of both 7, and 
ur. Its temperature dependence is, in fact, almost 
indentical with that of a7, which was seen to be a 
common factor for all of the present materials. The 
individuality of the materials, however, is shown by 
differences in the level of ¢5. Thus Table I shows a 
wide range of values of log €, obtained for several 
polymers at their glass-transition points. 


Table 1. Friction coefficients from viscoelastic data (after 
J. D. Ferry and R. F. LANDEL”*) 








Polymer Te (°Abs) log %* 
Natural rubber 200 3-02 
Polyisobutylene 202 3-97 
Polymethyl acrylate 276 6°24 
Poly-n-butyl methacrylate 295 2:67 
Polyvinyl acetate 301 5-75 











*7, in dyne. sec cm™ 


The imperfect correlation between the two sets 
of values—in spite of the fact that the free volumes 
are all, as seen above, approximately identical— 
draws attention to the importance of specific fea- 
tures, such as the actual configuration of the free 
volume, in affecting the absolute level of molecular 
mobility. It is still surprising that such features do 
not apparently disturb the ‘ universal’ temperature 
dependence observed for the different materials when 
referred to their glass-transition temperatures. 


Some progress has also been made concerning 
the question of the dependence of the glass-transition 
temperature upon molecular structure. Thus, 
decreasing molecular weight, chain stiffness or inter- 
molecular forces have all been shown®-**-?’ to result 
in a decrease in T,. The molecular interpretations 
of these phenomena, however, should be regarded 
iS tentative in view of the uncertainty regarding the 
nature of the transition. One fruitful approach, due 
o Fox and Flory”, has been to treat such variables 
n terms of their effect upon the free volume and to 
dentify the glass-transition temperature by a cer- 
ain (low) level of free volume. This view has been 
shown experimentally to be incorrect for low mole- 
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cular weight materials** but the theoretical work of 
Gipss and Di Marzio®, although directed at a 
second order transition whose identification with the 
glass-transition is not complete, suggests that the 
‘iso-free volume ’ concept of 7, may provide a valid 
comparison for materials with similar energy barriers 
to molecular rearrangement. 


Conclusions 


Sufficient progress has been made in establishing 
links between polymer viscoelasticity and the under- 
lying liquid-like molecular structure, that the way 
ahead is now reasonably well signposted. Among the 
principal objectives (not independent) may be listed 

(i) a theory of the location and form of the 
primary maximum in the relaxation spectrum; 

(ii) a theoretical treatment of the monomeric 
friction coefficient fo, leading to quantitative esti- 
mates of its magnitude; 

(iii) a quantitative molecular theory of the glass- 
transition temperature; and 

(iv) a clearer interpretation of the free volume in 
the present context, including its local fluctuation 
and its relation to energy barriers. 


In addition there are several avenues of investiga- 
tion which offer fascinating possibilities, both in the 
techniques involved as well as in their bearing on 
the above fundamental issues. For example, there 
is the influence of pressure on viscoelastic behaviour, 
already examined by SINGH and NoLLe* and cur- 
rently being studied by Lams and his associates. 
Then there is the question of volume viscosity, 
referred to in an earlier section, and the possibilities 
opened up by working with strained, anisotropic 
materials where the energy barriers and possibly 
free volumes may differ considerably from their 
values in the unstrained, amorphous state. Such 
investigations should prove helpful in understanding 
both the mechanical behaviour and the molecular 
structure not only of the rubbers and plastics con- 
ventionally examined in this respect, but also of the 
other high molecular weight systems, particularly 
the biological materials*®, whose viscoelastic re- 
sponse is also of importance and interest. 
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Industrial Use of Radioisotopes 


The U.K.A.E.A. is very distressed to find British 
industry so tardy in making use of the radioisotopes 
which they produce and sell through their Radio- 
chemical Centre at Amersham. Last year 3500 
shipments were made from Amersham to a value 
of about a million pounds and of this some 60 per 
cent was exported. However, the quantity applied 
to industrial purposes was very small—only 15 per 
cent of the total (SO per cent was used for medicinal 
purposes and 35 per cent for research), and British 
manufacturers were particularly slow to apply this 
comparatively new tool. 

The Institute of Directors has published a booklet 
Isotopes at Work indexing applications possible in 
different industries and the Radiochemical Centre 
has issued two catalogues, Radioactive Chemicals 
which lists primary isotopes and radioactive com- 
pounds and Radioactive Sources dealing with sealed 
radioactive sources and appliances. In all the 
Radiochemical Centre offers over 900 products. 

One possible reason why industry is reluctant to 
use radioisotopes is the danger factor. The per- 
sonnel at Amersham are emphatic that a very large 
margin of safety is allowed in any process that they 
recommend and that, in fact, a great many other 
industrial processes in continual operation are far 
more dangerous. 


Biochemical Engineering 


Dr F. C. Wess who is editing our series on Bio- 
chemical Engineering and has contributed this 
month’s Commentary to introduce the series (p. 205) 
is the Guinness Lecturer in this subject at University 
College, London. He has recently been appointed 
to coordinate this new subject on the basis of a one 
year postgraduate course planned specially to train 
men for key positions in the biological industries, 
either in research, development, equipment design 
or production management. 


Electronic Editing 


In April (p. 158) we mentioned how an I.B.M. 
computer had been used to collate the works of 
Matthew Arnold. An even more ambitious use is 
being made of the ‘electronic editor’ by the 
American Chemical Society, who are going to issue 
a bi-monthly bibliography of articles published in, 
apparently, 550 journals from all over the world, 
including 100 from Russia. The title of this pub 
lication will be Chemical Titles and it will include 
the titles of articles, the authors, and the publicatio: 
source, but no abstracts*. As the journals are 
received by the Chemical Abstracts Service of the 
A.C.S., the necessary details of each paper will b 


* The American Chemical Society wil! of course, continue to publis 
* Chemical Abstracts’ 
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KEYWORD-IN-CONTEXT INDEX 
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CEREBELLAR AND CEREBRAL ACTIVITY IN THE CAT. 
AM. J. PHYSIOL., 198, 399—404 (1960). 
DUNNCG—60—DEE DUNN CG WALTER JL 


(4) 


Figure 1. Excerpts from the index are shown in (a), (b) and (c), and an excerpt 

from the bibliography in (d); (a) and (b) illustrate the way in which one paper is 

indexed several times, and (c) and (d) show how the code in the index refers to the 
bibliography 





recorded on a punch-card, transferred to a magnetic 
tape and fed into the computer. The computer sorts 
out all the significant words in a title, and these 
are the actual keywords which are arranged into 
alphabetical sequence for use in the index (see 
Figure 1). Each index entry is accompanied by an 
identification code which directs the user to the 
bibliography section, which lists the authors 
alphabetically, and gives the full details of every 
paper. 

The actual editing procedure is performed by the 
computer in a little under twelve minutes and 
arranging and printing the resulting index and 
bibliography on auxiliary equipment takes eighteen 
o twenty hours. The index and bibliography pages 
are produced by an IBM 407 printer at the rate of 
150 lines per minute as a continuous fan-fold. They 
are ready for pasting up and photographic reduc- 
tion to photo-offset plate size without any inter- 
vening typesetting. Details of a paper should be 
published within three or four weeks of its receipt. 


Enzyme Dewoolling and Unhairing 


One of the growing problems of the leather tanning 
industry is the disposal of the highly noxious 
effluents produced by the lime and sulphide process 
f depilation of pelts and when the Clean Rivers 
3ill comes into force in the near future this problem 
vill be intensified. 


Among its many activities, the British Leather 
Manufacturers Research Association is working on 
the various methods of combating this problem, 
both by analysis and treatment of the effluent and 
by introducing an alternative depilation process to 
the lime and sulphide one. A considerable amount 
of research is being carried out on the use of proteo- 
lytic enzymes in the dewoolling of sheep skins and 
the unhairing of hides. The method used in the 
former case is to spray a solution of bacterial 
enzyme and disinfectant on to the pelt after it has 
been ‘swollen’ by immersion in an alkaline 
solution, and subsequently dewoolling and remov- 
ing any flesh from it. The disinfectant is important 
since protein degradative products tend to accumu- 
late during the process and may encourage bacterial 
growth. Sodium chlorite is generally used as it 
suppresses the growth of anaerobic bacteria which 
attack collagen: however, whereas the enzyme 
solution is quite cheap, sodium chlorite is expensive 
and other disinfectants are being tried out. 


As far as the unhairing is concerned it has been 
found more satisfactory to soak the hides in the 
enzyme solution and tests are being made to find 
the optimum concentration, temperature and time 
and also to compare the quality of hides depiled 
in this manner with those treated by the normal 
lime and sulphide process. At present enzymic 
treatment is rather expensive. 
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Thermo-electric Refrigerator 


G.E.C. have manufactured a prototype small 
thermo-electric refrigerator (Figure 2), which can 
operate from a battery d.c. supply. It works on the 
principle of the Peltier effect—the production of 
cold at one junction of a thermocouple and heat at 
the other when direct current passes. The idea has 
been developed to a practical stage by evolving 
efficient semiconductor thermocouples and forms of 
construction that provide adequate thermal isolation 
between the hot and the cold sides of the junction. 
Each thermocouple operates at low voltage and 
5-10 amp, cooling power being about } W. The 
drop of air temperature obtainable is 20-30°C. 


Soviet Physics—Solid State 


Under the above title the American Institute of 
Physics publishes a translation of Fizika Tverdogo 
Tela, the U.S.S.R. Academy of Science’s vehicle for 
publishing solid state physics research results. The 
English language issues appear five to seven months 
after publication of the Russian originals. 





Figure 2. G.E.C. prototype thermo-electric cold box. 
It is about 1 ft® in size 
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Applications of the Theory of Matrices 
F. R. GANTMACHER 


(Translated from the Russian by J. L. BRENNER with 
assistance from D. W. BusHAW and S. EVANUSA) 


(ix+317 pp; 94 in. by 6 in.) 
New York: Interscience Publishers Inc. 63s. 


Tuis book is a translation of the second part of a Russian 
treatise on the Theory of Matrices and contains a con- 
siderable amount of material which is not readily avail- 
able in book form in English. As such, it is an extremely 
useful publication. 


The first chapter is concerned with normal forms of 
complex anti-symmetric and orthogonal matrices. This 
chapter, and the second which deals with equivalence of 
complex pencils of matrices, contain a detailed account 
of material fairly readily available in English. The 
remaining three chapters contain the most interesting 
material of the book. The third deals with non-negative 
matrices, a subject with applications to probability 
theory. The main result of the chapter is the classical 
theorem of FRoBENIUS on the spectra of irreducible 
non-negative matrices, an elegant proof due to WIELANDT 
being given. The rest of the chapter is concerned with 
amplifications of this result and applications to the theory 
of Markov chains. Chapter IV is concerned with a 
detailed study of the matrix differential equation, 
dX/dt— AX, where A is a continuous matrix function of 
t. A great amount of material is presented, mostly due 
to Russian authors and not readily available in this 
country. 


The last chapter is concerned with necessary and 
sufficient conditions that all eigenvalues of a matrix 
should have negative real part. This problem is relevant 
to the theory of systems of linear differential equations 
and particularly to questions of stability. Again this 
material, while for the most part classical, is not readily 
available in book form. 


To sum up, this book should be of interest both to the 
applied mathematician and to the algebraist interested 
in the applications of matrix theory. D.R. 


Electron Physics 
O. KLEMPERER 
(xii+248 pp; 8} in. by 54 in.) 
London: Butterworths Scientific Publications. 32s 6d 
ALTHOUGH the physics of single free electrons is dealt 
with in many works of a more or less comprehensive 
character covering also related matters such as collective 
phenomena (conduction in gases and metals, thermionic 
emission, efc.) the present book is, so far as I know, the 
only one of its kind in English. It is a delight to find such 
a badly needed work at last available. Further, since t! 
price has been kept to an admirably low level so that 
interested students could hardly have any reasonable 
excuse for not purchasing it, the book should surely | 
widely used by them, perhaps as much or even more | 
electrical engineering students taking electronics cours 
as by physics students, although presumably eve 
undergraduate course in the latter subject includes 
comprehensive treatment of electron physics. The 
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m.ndane considerations aside, the book can be highly 
re-ommended as an accurate and up to date account of 
the subject. 


in general terms the book deals with the properties of 
the free electron but it excludes, quite properly, problems 
connected with free electrons in gases and it does not deal 
comprehensively with, for example, the basic theory of 
magnetism although some aspects of this subject such as 
el-ctron spin are considered fairly fully. 


There is a brief introductory chapter on historical 
matters and then lengthier chapters on electron motion, 
electron optics, electronic space charge and the flow 
of electrons, the detection of cathode rays, the charge of 
the electron, the charge to mass ratio of the electron, the 
electron mass and its relativistic change, the wave nature 
of the electron and finally the spin and the magnetic 
moment of the electron. There are several useful appen- 
dices. M.K.S. units are used. 


The subject matter is well chosen and its treatment 
leaves little to be desired. There are many special 
features, the treatment of which appeals particularly to 
me. The section on electron motion in which vectors are 
widely used, which includes: a brief study of crossed 
electric and magnetic fields is particularly valuable to 
students commencing courses on electron physics. The 
study of space charge effects could perhaps have been 
omitted but is of great importance in the study of certain 
modern vacuum tube devices. The formulae for shot 
noise and Johnson noise are derived quite simply in a 
suitable manner for students. The chapters on the 
determination of e and e/m include GARDENER’s modern 
work on the determination of e/m from measurements 
of the electron cyclotron frequency. The section on wave 
mechanics, electron diffraction and electron interference 
is also of great interest and there are several very striking 
illustrations. Finally there is an interesting account of 
the magnetic moment of the electron, electron spin 
resonance and related matters. The problems which 
follow each chapter should also be of value to students. 


The technical production of the book is excellent and 
misprints appear to be very rare. JBL. 


Analysis of Straight-line Data 
FoRMAN S. ACTON 
(xiii+267 pp; 94 in. by 6 in.) 


New York: John Wiley; London: Chapman and Hall. 
72s 


Tuts book aims to cover linear regression and ancillary 
techniques in a more detailed and thorough way than is 
possible in a general text book, topics selected being 
allegedly these which are most pertinent to the engineer 
or physical scientist ‘ when he deals with data containing 
One Or more lines entrapped within his experimental 
data’. The very susbtantial second and fifth chapters 
discuss respectively the fitting of a regression line and 
the errors of its constants, and the fitting of a line when 
both variables are subject to error; other shorter chapters 
dscuss such topics as correlation, the fitting of several 
lines, curvilinear regression, transformations, and fitting 
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cumulative data. Some of the material and tables have 
been available hitherto only in papers in learned journals. 


It is difficult to think of suitable readers for this book. 
It contains a bewildering mass of undigested material, 
requiring of the reader either a good deal of statistical 
knowledge or an ability to take rather complicated 
ancillary techniques on trust and use them in an appro- 
priate way. This makes it unsuitable for beginners. On 
the other hand, qualified statisticians would probably be 
familiar with much of the material and find the treatment 
rather naive and superficial. To be of value to them, it 
would have to be critically penetrating on such points as 
non-randomness, robustness, sensitivity of tests of non- 
linearity etc. and thoroughly up-to-date. 


The author admits to ‘a certain loss in enchantment 
with the later material ’ which is patently obvious in the 
increasing brevity, cursoriness and frivolity of treatment 
of topics in the later chapters. 


With the best will in the world, I cannot give this book 
much of a recommendation either as a monograph or a 
text. ST. 


Exploring the Structure of Matter 
J. J. TRILLAT (translated by F. W. KENT) 
(214 pp;+xxiv plates+92 figures, 8} in. by 54 in.) 
London: George Allen and Unwin Ltd. 30s 


Tuis is a translation of a book (1956, Paris) by a famous 
French scientist who is also well-known in England as 
an authority on the techniques and applications of x-ray 
diffraction, electron diffraction and x-ray and electron 
radiography. The book is excellently presented by the 
publishers, with good paper and binding, clear print and 
format, and well-reproduced photographs and diagrams. 
Turning to the contents, we note in the introduction 
that the aim is primarily to describe, presumably to those 
who have not specialized in the subjects, the nature and 
extent of the contributions of these relatively new tech- 
niques to chemistry, metallurgy and physical chemistry. 
This aim is well-fulfilled in a lucid, concise and elegant 
manner. The three main sections concern: i—Microg- 
raphy by x-rays and by electrons, and their applications: 
II—Electron microscopy and its applications; III 
Diffraction of material particles (electrons and neutrons) 
and its applications. In each of these fields the author 
describes with refreshing clarity and from first-hand 
experience the main features of the technique and inter- 
pretation of the photographs, and many results of their 
use. This, with the unusual wealth of illustrations, 
particularly photographs, conveys even to the general 
reader a close understanding of the principles, experi- 
mental details, and at least many of the important results. 


There are a few (mainly understandable) misprints and 
incomplete translations, and an ocasional minor error 
The book as a whole is undoubtedly very readable and 
useful, and its illustrations bear out Professor TRILLAT’s 
views expressed in the closing chapter, that scientists are 
not purely utilitarian in their aims, but tend to develop 
an aesthetic creativeness that is artistic, and their work 
produces much that is of a highly artistic beauty. H.W. 





BOOK 


Technique of Organic Chemistry. Vol. |. 
Physica! Methods of Organic Chemistry, 
3rd Edition. Part !. 

A. WEISSBERGER (Ed.) 

(xii+ 894+ 24 pp; 94 in. by 6 in.) 

New York and London: Interscience Publishers. 184s 


WEISSBERGER’S Technique of Organic Chemistry is by now 
well known amongst chemists. Many will have had 
occasion to read carefully some one or two of iis ten 
volumes, and most will have made frequent reference to 
a wider range of its contents. The organization of the 
work is complex, and in its impact upon the reader 
unavoidably uneven; some volumes repay close study, 
others can never be other than useful reference books. 


Some of the difficulty of organizing such a work is 
reflected in its general title (Technique of Organic Chem- 
istry) and the title of Volume I (Piysical Methods of 
Organic Chemistry). It is difficult to see in what respects 
the topics dealt with in Volume I are any more * physical’ 
than those treated in Volumes II-X. True though this 
may be, it cannot detract from the great success which 
the whole work, and Volume | in particular, has enjoyed. 
Volume I appeared originaily in two parts in 1945-6. 
The two parts contained twenty-six chapters and 1367 
pages. A second edition appeared in 1949, and a Part 
II] was added in 1954. The present work is Part I of a 
third edition, which will be completed in four parts con- 
taining fifty-one chapters. Many of these chapters cover 
new topics, and organic chemists will look forward to 
such articles as * Nuclear Magnetic Resonance’ by 
Gutowsky, and ‘Optical Rotatory Dispersion’ by 
KLYNE and PARKER which are to appear in later parts. 


As to Part I, comparison with its earlier forms is 
almost impossible because of the extensive revision, 
augmentation, and re-organization which have been 
effected. The fifteen chapters cover ‘ Automatic Con- 
trol’, ‘ Automatic Recording’, * Weighing’, * Deter- 
mination of Density ’, ‘ Determination of Particle Size 
and Molecular Weight ’, ‘ Temperature Measurements ’, 
* Determination of Melting and Freezing Temperature ’, 
* Determination of Boiling and Condensation Tempera- 
tures’, ‘ Determination of Vapour Pressure’, *‘ Calori- 
metry ’, ‘ Determination of Solubility ’, ‘ Determination 
of Viscosity ’, ‘ Determination of Properties of Insoluble 
Monolayers at Mobile Interfaces’, ‘ Determination of 
Surface and Interfacial Tension’ and ‘ Determination 
of Osmotic Pressure’. There is something here for 
everybody, and it could reasonably be asked why such a 
volume finds itself in a work aimed specifically at organic 
chemists. Physical and inorganic chemists who were 
misled by the title of the work would be missing the 
entrance to a vast quarry of information relating to 
fundamental techniques. 
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If nobody will want to read or consult the whole of 
Volume I, Part I, of WeISSBERGER, every chemist will 
profit from some of its contents. It is a necessary 
purchase for all libraries. K.S. 


Classification and Indexing in Science 
B. C. VICKERY 
(xix+235 pp; 8} in. by 54 in.) 
Butterworths Scientific Publications. 
York: Academic Press. 30s, $6-00 


THE importance of the subject and of VICKERY’s contri- 
bution is shown by the rapid appearance of this second 
edition. Much of the revision and additional material is 
derived from the papers given at the Washington Inter- 
national Conference on Scientific Information, especially 
those dealing with mechanical selection and methods of 
coding for machine retrieval. 


London: New 


The chapter on indexing had been expanded to in- 
clude material from the ASLIB Research Project on 
comparative use of four indexing systems in aeronautics, 
showing the construction of class numbers and chain 
indexing based on a specially constructed facet classifica- 
tion. It also has a new discussion of the problems of 
indexing chemicals. These present special difficulties 
because the same substance frequently has several names 
in common use and because information is often required 
about all compounds containing some particular func- 
tional group or having some specific property. 


The chapter on mechanical selection now includes a 
description of the various types of apparatus, from slotted 
or punched cards manipulated by hand to records on 
photographic film or magnetic tape scanned at high speed, 
with provision for reproducing the items selected. It is a 
striking fact that although machine searching is becoming 
ever more rapid, designers are finding it necessary to 
arrange the data in ordered rather than random sequence, 
to reduce the amount of scanning needed in any search. 


VICKERY is optimistic about the future development 
of information retrieval. ‘The separate, competing, 
mutually hostile techniques are now being seen as but 
variants of a basic procedure, and each “ uniquely 
distinctive ’’ type of system as only a particular physical 
and structural form of a common pattern’. If this is 
generally accepted, progress will be rapid. 


This book will appeal mainly to those who are inter- 
ested in the theory of classification and indexing for 
efficient retrieval, but the specialist or bibliographer 
having to make a new scheme will find that the chapters 
on construction of schedules and notation give very clear 


guidance. K.E.W. 
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